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ABSTRACT

This report presents data obtained from an in-plant source term
measurement program conducted for the Office of Nuclear Regulatory
Research in support of the Effluent Treatment Systems Branch of the
0ffice of Nuclear Reactor Regulation. The objective of this program is
to provide operational data that can be used in the generic evaluation of
plant system design in the 1icensing process and for updating of the
calculational models used by the NRC staff in their evaluation of radio-
active waste management systems for operating pressurized water reactors.
A data base is provided for radioisotope inventory in plant systems,
radioactive waste management system performance, and source terms for
both 1iquid and gaseous systems.

Data presented were obtained at the Fort Calhoun Station - Unit 1,
operated by the Omaha Public Power District (OPPD), located at Blair,
Nebraska. In-plant measurements were conducted during the time period
from August, 1976 through February 1977. This plant is the first of a
planned series of six (6) operating PWR's to be studied.
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IN-PLANT SOURCE TERM MEASUREMENTS
AT FORT CALHOUN STATION -~ UNIT 1

CHAPTER 1 - INTRODUCTION

1.1 In-Plant Measurement Program Objectives

The objective of the in-plant source term measurement study is to
provide the Nuclear Regulatory Commission (NRC) with experimental data
that can be used by the NRC in its evaluation of plant system design.

The results of this study will provide a data base for radioisotope
inventory in plant systems, radioactive waste treatment system performance,
and source terms for both liquid and gaseous systems.

The in-plant measurement study identifies and characterizes the
sources of radioisotopes in operating LWR's. Specific objectives are
to provide NRC with:

1. Source term information so that the parameters used in
NRC's calculational models can be updated as necessary.

2. Data on the inventory of the radioisotopes present (i.e.,
locations, concentrations, etc.) in operating reactor
plant systems.

3. Radwaste equipment performance for use in NRC
evaluations of radioactive waste management systems.

Measurements are made during the three stages of plant operation, i.e.,
(1) prior to refueling, (2) during refueling, and (3) following
refueling. .

1.2 Fort Calhoun Station

The NRC in-plant source term measurement program at operating PWR's
was initiated during the summer of 1976. From August, 1976 through
February, 1977, measurements were made at the Fort Calhoun Station - Unit 1,
Omaha Public Power District (OFPD), Blair, Nebraska. Table 1.1 presents
the operational status and the time span for measurement periods during
the time between the reactor's first refueling in the spring of 1975 until
the third refueling in the fall of 1977.



Relevant system parameters for the Fort Calhoun Station are
Tisted below:

1. Reactor and Steam Generator Vendor: Combustion-Engineering
2. Turbine Vendor: General Electric

3. Power: 1420 MWt and 457 MWe, net

4. Reactor Coolant Volume: 6616 ft3

5. Initial Criticality: August, 1973

6. Commercial Power Operations: June, 1974

TABLE 1.1
TIME PERIODS FOR IN-PLANT MEASUREMENTS

Plant Status Time Period Measurement Period

Power Operation 5/75 - 10/1/76 Liquid: 8/18 - 9/2/76
Gaseous: 9/3 - 10/7/76

Second Refueling 10/1 - 12/15/76 Liquid: 10/11 - 12/3/76
Gaseous: 10/7 - 12/15/76

Power Operation -12/15/76 - 9/30/77 Liquid: 2/9 - 2/22/77
Gaseous: 12/15/76 - 2/17/77




CHAPTER 2 - MEASUREMENT METHODS AT FORT CALHOUN

2.1 Introduction

The measurement methods employed have been described in the report,
“Procedures, Source Term Measurement Program” (1). Brief descriptions
are given in the following three sections which refer to the liquid
process streams, gaseous process streams and the pliant operational
information.

2.2 Liquid Streams

Liquid samples were collected using the installed plant sampling
system. The types of liquid samples collected were:

1. Reactor coolant

2. Chemical and Volume Control System (CVCS) samples both
upstream and downstream of the letdown demineralizers
and filter

3. Steam generator blowdown water

4. Spent fuel pool water

5. Radwaste system:

a. Collection tanks
b. Evaporator feed, distillate and concentrate
c. Monitor tanks

Figures 2.0, 2.1, 2.2, and 2.3 present simplified schematic diagrams
for the liquid and solid pathways at Fort Calhoun Station. For more
detailed diagrams, the Piping and Instrument Diagrams (P & ID) have been
presented in the Appendix.

A1l liquid samples except those passed through and concentrated on
ion exchange resins were collected in plastic volumetric measuring
devices and promptly transferred to glass counting containers. No
measurements were performed to quantify potential plateout of radionuclides
on the plastic volumetric measuring devices. The size of the liquid
samples collected depended upon the expected radionuclide activity level.
Fifty ml samples were collected from reactor coolant systems while
450 m1 samples were generally taken from other systems. Each glass
counting container had been prefilled with enough concentrated HC1 to
provide a solution containing two percent concentrated HC1 to minimize
plate-out of radionuclides on the glass. Samples from very low
activity streams were concentrated on an ion exchange column by passing
20-100 1iters of sample through the column (1). Again, no measurements were
made to quantify potential plateout on the aluminum resin holder or
silicone tubing sampler feed lines.
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FIGURE 2.1
REACTOR COOLANT AND CVCS DIAGRAM
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FIGURE 2.2
LIQUID RADWASTE SYSTEM COLLECTION TANKS
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FIGURE 2.3
LIQUID RADWASTE PROCESS DIAGRAM
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Gamma-ray spectra from the liquid samples were obtained using a
Ge(Li) gamma-ray spectrometer installed in the NRC mobile laboratory (1).
Samples were counted several times over an extended period after
collection to optimize determination of both short- and long-lived
radioisotopes. The detection efficiency for the gamma-ray detector
was measured using NBS reference standards prior to moving the mobile
laboratory to Fort Calhoun (1). During the initial set-up at Fort
Calhoun, the calibration was re-checked for selected geometries using
an NBS standard. Gamma-ray energy calibrations were made on a daily
basis using a 228Th source. The same reference standard was measured
in a fixed geometry to verify overall performance of the spectrometer
system.

The analysis of gamma-ray spectra was completed at INEL using the
GAUSS VI computer program (2) on the IBM 360/75. This program searches
each spectrum for gamma-ray peaks, provides isotopic jdentification and
concentration and decay corrects to the sample collection time. A final
output for the activity of each radionuclide found in the sample in uCi/ml
is provided together with error estimates. Uncertainties quoted for
radionuclide concentrations are errors due to counting statistics. An
additional uncertainty of approximately 10 percent should be added to
the quoted errors to account for calibration (~10%) and volume measurement
(~5%) errors. Indeterminate sampling errors have not been treated.

Liquid samples were collected of reactor coolant, spent fuel pool,
and the radwaste monitor tank waters to determine concentrations of pure
beta-emitting radionuclides. Subsequent analyses of the samples were
performed by the Department of Energy, Idaho Operations Office, Health
Services Laboratory (DOE-HSL). Summaries of the analysis methods may be
found in reference (1). Initially, samples (Tables A.2 and A.4) were
analyzed for 3H, 14C, 32p 35S, 45Ca, 55Fe, 63Nj, 89Sr, 90Sr, 91Y, and
147pm, The decision was made not to analyze the latter samples for
32p, 355, %5Ca, and *7Pm. These data are presented in Tables A.2,
A.3, and A.26.

2.2.1 Reactor Coolant and CVCS Samples

Figure 2.1 shows a simplified schematic diagram for the
Reactor Coolant (RC) and the CVCS. Table 2.1 presents specifications for
CVCS components obtained from the Final Safety Analysis Report (FSAR) (3).
The RC samples were taken from points RC-6 and RC-7 which are in the two
reactor coolant loops. There was no observed difference in the measured
activity levels between the two loops. The input sample for the CYCS was
taken at point RC-1. The output sample of the purification, cation, and
deborating demineralizers were taken at points RC-2, RC-3, and RC-4,
respectively, depending upon which CVCS demineralizer was in operation
at the time of sampling. The output sample for the CVCS purification
filters was taken at point RC-5. There was no sample point at the liquid
output from the volume control tank. Results of measurements for the
CVCS system are given in Tables A.8-A.12. Radioisotope data on reactor
cootant (including pure beta-emitting nuclides) are presented in Tables
A.1-A.7.



TABLE 2.1

CHEMICAL AND VOLUME CONTROL SYSTEM COMPONENTS

ION _EXCHANGERS

Item No's.
Quantity

Type

Design Pressure, psig

Design Temperature, F

Normal Operating Pressure, psig
Normal Operating Temperature, F
Resin Volume, ft3

Resin Cross-sectional Area, ft2
Normal Flow Rate, gpm

Maximum Flow Rate, gpm
Retention Screen

Code for Vessel

Material

Fluid

CH-8A, 8B, 9A, 9B & 10

5

Flushable

(CH-9A, and CH-9B renewable)
200

250

25

120

20

6.8

36

116

80 US Mesh

ASME III, Class C
Austenitic Stainless Steel
1 wt % Boric Acid, Maximum

PURIFICATION FILTERS

Item No's.
Quantity
Type of Elements

Retention for 1 Micron Particle, %

Design Pressure, psig
Design Temperature, F
Design Flow, gpm
Normal Flow, gpm
Maximum Flow, gpm
Code for Vessel '
Material

Fluid

CH-17A & 17B

2

Wound Cartridge

95

200

250

116

36

160

ASME III, Class C
Austenitic Stainless Steel
1 wt % Boric Acid, Maximum

VOLUME CONTROL TANK

Item No.

Quantity

Type

Design Pressure, Internal, psig
Design Pressure, External, psig
Design Temperature, F

Internal Volume, Minimum, ft3
Operating Pressure Range, psig
Normal Operating Pressure, psig
Normal Operating Temperature, F
Normal Spray Flow, gpm

Blanket Gas

Code

Fluid

Material

CH-14

1

Vertical, Cylindrical
75

15

250

383

0 to 65

50

120

36

Hydrogen ‘
ASME III, Class C
6-1/4 wt% Boric Acid, Maximum
Austenitic Stainless Steel




2.2.2 Steam Generator Samples

Steam generator water for both steam generators (sample points
RC-8 and RC-9 in Figure 2.1) were samgled both before (8/26/76) and after
refueling (2/8-10/77). Based on the !31] activity levels observed from
nominal 200 liter ion exchange resin samples (Table A.13) and a blowdown
rate of 12,500 1bs/hr, the primary to secondary leak rate during the
February 1977 1n-glant measurement program at the Fort Calhoun Station
was les$s than 10-< 1bs/day. Also, the samples taken in August 1976
indicate no meaningful primary to secondary leak. Since there was no
meaningful primary to secondary leak during either sampling period, the
rest of the secondary system (both liquid and gaseous) was not samplied.

2.2.3 Spent Fuel Pool and Associated Samples

The spent fuel pool water was sampled using a sample point on
the input line to the spent fuel pool heat removal and water clean-up
system (sample point #1 in Figure A.12). During refueling the refueling
cavity and fuel transfer canal were sampled using a container dipped
into the waters. The safety injection and refueling water storage tank
(SIRWT) water was sampled both before and after refueling using the
sample point on the tank's recirculation line (sample point #3 in Figure
A.12). Data for spent fuel pool and associated samples are presented in
Tabies A.11 and A.14-A.18.

2.2.4 Liquid Radwaste Samples

Figure 2.2 presents a diagram of the liquid radwaste collection
tanks with information as to the sources of liquid radwaste for each
collection tank. Tables 2.2 a, b, and ¢ present the FSAR (3) component
information for the liquid radwaste system with comments determined from
discussions with plant personnel. The sample point for the reactor
coolant drain tank (RW-7) was a local sample point on the tank. Validity
of this sample in relationship to the tank contents is not known; however,
before a sample was collected, the sample line was purged. There were
no sample points for the auxiliary building sump tank or neutralization
tank. The sample points for the waste holdup tanks (RW-3), spent
regenerant tanks (RW-2), and hotel waste tanks (RW-1) were in the
recirculation lines for these tanks. Before samples were taken from
these tanks, as in all cases where the sample points were located in
recirculation lines, the tank contents were recirculated for a minimum
of two tank volumes.

Figure 2.3 is a diagram of the liquid radwaste treatment system.
No sample point was availabie on the output stream of the waste filters.
The feed samples for the waste evaporator were taken from the radwaste
collection tanks being-processed while the condensate and concentrate
samples were taken from points RW-5 and RW-6, respectively. The samples
for the monitor tanks were obtained from point RW-4 in the recirculation
line. During measurements at Fort Calhoun the waste demineralizers

10
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TABLE 2.2 a

COMPONENT DESIGN DATA, WASTE DISPOSAL SYSTEM TANKS

Pressure, Tempera-
psig ture, F
No. Installed/ Capacity/Tank Design/ Design/
Tank Jtem No. Lallons/ft3 Operating Operating Material® Code
Reactor Coolant 1/wWD-1 900/120 25/2 300/267 304 S8 ASME Section III,
Drain Tank ; Class C
Waste Holdup 3/WD-LA, 45,800/6,100 15/2 200/120 cs ASME Section III;.
Tanks B&C . Class C
Neutralization 1/WD-7 900/120 25/2 200/120 304 SS ASME Section VIII
Tank ’
Caustic Dilution 1/wD-11 750/100 Atmos/Atmos 200/ TO cs None
Tank .
Spent Regenerant 2/WD-13A%B 4 ,800/650 5/Atmos 200/ T0 304 sS ASME Section VIII
Tanks )
Hotel Waste Tanks 2/WD-15A%B 1,200/160 15/Atmos 200/1L0 Cs ASME Section VIII
lMonitor Tanks 2/WD-22A%B 6,000/800 5/Atmos 200/140 304 ss ASME * Section VIII
Auxiliary Building 1/WD-25 T700/95 25/2 200/120 304 S8 ASME Section VIII
Sump Tank .
Gas Decay Tanks 4 /WD-294A, 2,990/k400 150/100 200/1L0 Cs ASME Section III,
B,C&D Class C
Spent Resin Storage 1/wD-33 3,000/400 25/2 250/120 30L4 SS ASME Section VIII
Tank
Concentrate Tanks 2/WD-38A%B 1,200/160 25/Atmos 300/1L0 cs ASME Section VIII
Resin Measuring 1/WD-k43 60/8 50/30 100/70 304 S5  ASME Section VIII

Tank

* SS= Stainless Steel, CS= Carbon Steel



TABLE 2.2b

COMPONENT DESIGN DATA, WASTE DISPOSAL SYSTEM PUMPS

No. Installed/

Pump Item No. Type
Reactor Coolant 2/WD-2A&B Horizontal } 2A,
Drain Tank Pumps Centrifugal’ 2B,
Containment 2/WD-3A&B Vertical
Sump Pumps Centrifugal
Waste Holdup 2/WD-5A&B Horizontal
Tank Pumps Centrifugeal,
Canned Rotor
Waste Holdup 1/WD-6 Horizontal
Recirculation Centrifugal
Pump
Neutralization 2/WD-8A&B Horizontal
Transfer Pumps Centrifugal,
Canned Rotor
pH Sample Pump 1/WD-10 Horizontal
Centrifugal,
Canned Rotor
Caustic Pumps 2/WD-12A&B Positive
Displacement,
Diaphragm Type
Hotel Waste 2/WD-16A&B Horizontal
Pumps Centrifugal
Gas Stripper 2/WD-20A&B Horizontal
Pumps Centrifugal
Canned Rotor
Monitor Tank 2/WD-23A&B Horizontal
Pumps Centrifugal
Auxiliary Bldg. 2/WD-26A&B Horizontal
Sump Tank Pumps Centrifugal
Auxiliary Bldg. 6 /WD-2TA&B, Vertical
Sump Pumps LOA&B, L1A Centrifugal
&B
* AT = All Iron
SS = Stainless Steel

cs

Carbon Steel

12

Capacity

250
50
20

50

500

200

50

16

50

35

20

gpm @

Fluid Side
Material®*
75 ft. 316 SS
75 ft. 316 SS
3 ft. AI
177 ft. 316 ss
85 ft. AT
82 ft. 316 SS
21 ft. 316 sSS
160 ft.- CS & SS
130 fit. AT
75 ft. 316 SS
160 ft. 304 85
110 ft. 304 SS
36 ft. AT
(continued)



TABLE 2.2 b (cont.)

No. Installed/

Pump Item No. Type
Spent Resin 1/WD-3k Horizontal
Pump Centrifugal
Resin Dewatering 1/wD-35 Centrifugal
Pump Displacement,
Rotating Water
Seal -
Concentrate 2/WD-39A&B Horizontal
Tank Pumps Centrifugal,
Canned Rotor.
* 88 = Stainless Steel
CS = Carbon Steel
CI = Cast Iron

13

Fluid Side
Capacity Material*

30 gpm @ 106 ft. 304 SS

35 gpm @ Ui ft, CI bronze
fitted

30 gpm & 105 ft. 316 SS
& CS



TABLE 2.2 ¢

COMPONENT DEESIGN DAL'A, WASTE DISPOSAL SYSTEM PROCESS LQUIPMENT

Waste Filters, Item No's WD-1T7A&B

Number

Type

Materials of Contruction

Vessel Design Pressure, psig

Vessel Design Temperature, F

Vessel Code

Flow Rate, each, gpm

Retention, % (particles >25 microns)

Gas Stripper, Item No. WD-19
Note A '

Number

lme

Design Flow Capacity 1bs/hr

Design Pressure, psig

Design Temperature, F

Operating Pressure, psig

Operating Temperature, F

Code

Decontamination Factor,
Gaseous activity in feed
Gaseous activity in hotwell

v

14

Description

2

Expendable element pressure type
304 stainless steel vessel with
synthetic fiber element

150

250

ASME Section III, Class C

30

98

1

Packed column, heated liquid-vapor
contact, non-condensable gas
separation.

7500

50

300

2

220

ASME Section III, Class C

10h

{continued)



TABLE 2.2 ¢ (cont.)

Waste Evaporator, Item No. WD-21

Number
Type

Design Pressure (shell side), psig
Design Temperature, F
Operating Pressure, psig
Operating Temperature, F
Code
Flow Rate, gpm
Decontamination Factor,
Activity in feed
Activity in distillate
Concentration of Bottoms, max, % NapBL07
Note B
Waste Demineralizers, Item No's. WD-24A&B
Note C
Number

Type

Materials of Construction
Design Pressure, psig

Design Temperature, F
Operating Pressure, psig
Operating Temperature, Max. F
Vessel Code '
Resin

Resin Volume, each, ft
Tlow Rate, each, gpm

Waste Gas Compressors, Item No's. WD-28A&B

Number
Type

Design Flow Rate, each, CFM @ 60 F & 1 atm.

Design Discharge Pressure, psig
‘Design Standard

Fluid Handled

Controls

Note D

Description

1

Steam heated horizontal tube,
spray film type

15

225

2

217

ASME Section III, Class C.

17 (Note B)

10b

20

2

Non-regenerable, disposable
vessel and resin

Carbon steel, phenolic lining
100

150

30

120

ASME Section VIII

Mixed bed, strong acid cation
resin and intermediate base

anion resin
3

15

2

Centrifugal displacement with
rotating water seal.

Lo

100 (Note D)

American Society of Heating,
Refrigerating and Air-
Conditioning Engineers (ASHRAE)
Nitrogen, hydrogen, water vapor
and traces of fission gases.
Bypass flow regulator for suc-
tion pressure control between
1.5 and 1.8 psig

Note A: Gas stripper was under repair during measurement period.
Note B: Maximum about 15 gpm; usual flow rate, 10 gpm.

Note C: Waste Demineralizers not used during measurements period.
Note D: Normal discharge pressure; 50 to 86 psig.

15



or side-stream polishing demineralizers for the monitor tanks were

not used. According to station personnel, the waste disposal problems
associated with the spent resins (e.g., high personnel exposures)

from the waste demineralizers outweigh the usefulness of processing
lower activity liquid radwaste from the monitor tank through the

waste demineralizers. With the exception noted below, following
activity measurement, the monitor tanks were released to the discharge
header without further treatment. At least once during the measurement
period the total gamma activity in the monitor tank was above release
1imits due to dissolved noble gas activity (133Xe). The noble gas activity
was removed by sparging the monitor tanks. This released the noble gas
to the station stack and reduced the total gamma activity so that the
monjtor tank could be released to the discharge header. During the
Fort Calhoun study the gas stripper in the liquid radwaste treatment
system was out of service. A project is underway by OPPD to make the
gas stripper operational. Data obtained from analyses of radwaste
samples are presented in Tables A.19-A.34.

2.3 Gaseous Streams

2.3.1 Ventilation Sampling

Figure 2.4a presents a schematic diagram of the gaseous waste
disposal system. Figure 2.4b shows the auxiliary building ventilation
system in more detail with the sampling locations noted. Prior to
the installation of sampling devices in the auxiliary building, velocity
profile measurements were made in the ducts in which sample probes were
installed. The duct flows were calculated from velocity profiles
and were compared to the design flows. Significant differences were
observed. Discussions with OPPD staff resulted in changes in the operating
status of the ventilation system. New velocity profiles were then
measured and duct flows calculated. The results of these second measurements
are shown in Table 2.3 along with the design flows taken from the P & 1D,
"Auxiliary Building Heating and Ventilating Flow Diagram" presented in the
Appendix (Fig. A-28). One minor difference in the flow path was found
during sample probe installation and is shown in Fig. A-29 of the Appendix.
This area of the system is shown at coordinates F-4 in Fig. A-28. The
new comparisons with design flows were deemed reasonabie and sampling probes
were installed.

In order to verify the validity of the samples being withdrawn from
the ducts, helium was injected into the system upstream of each of the
sampling probes and the helium concentration was measured in each of the
sample streams. The duct flows were calculated from the helium concen-
tration measurements using the ratio of the helium injection rate to the
measured helium concentration (1). Results of these measurements are
also shown in Table 2.3 The agreement between the flows measured
by standard pitot tube traverse methods and those calculated from the
helium dilution technique indicated that the samples taken from the ducts
were representative of the gaseous species in the ducts.

16



FIGURE 2.4a
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FIGURE 2.4b
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TABLE 2.3
AUXILIARY BUILDING VENTILATION DUCT FLOW MEASUREMENTS

Location Design Flow, cfm Measured Flow, cfm

Pitot Tube Helium Dilution

Station #1 14,250 16,600 16,400
Station #2 39,400 28,900 28,400
Station #3 5,450 6,600 5,100
Station #4 19,200 24,500 23,800
Waste Evaporator Room 1,800 1,460 not measured
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Table 2.4 tabulates the various areas of the auxiliary building
feeding sampling stations 1 through 4. As indicated from the flow
measurements (Table 2.3) station 2 sampled over half of the auxiliary
building exhaust flow; consequently, sampling station 4 was installed
in an attempt to more closely define specific sources of radioactivity.
For the same purpose, local samplers were deployed in individual auxiliary
building rooms. Local sampler locations are shown schematically in
Figure 2.4. .

The sampling systems installed in stations #1, #3, and #4 were
modified commercial sampling systems which had been used in previous
studies (4). The system consists of a sampling probe, particulate
filter, iodine adsorber, water vapor adsorber, flow integrator, flow
meter, and air mover. The sample inlet was a stainless steel nozzle
sized so that isokinetic sampling conditions were met with a flow of
approximately one cfm. The sample passed through a glass lined probe
into a compartment which contained both the particulate filter and
jodine adsorber. Both the probe and compartment were capable of being
heated to prevent condensation. However, heating was not necessary at
Fort Calhoun because all samplers were inside the plant. The particulate
filter used was a 5" diameter fiberalass HEPA filter. Downstream of the
filter was a 2" X 4" iodine adsorber equally divided in three sections.
The first and last section were activated coconut shell charcoal impregnated
with TEDA and the center section was silver zeolite. After passing through
the iodine adsorber, the sample stream was split with a small sidestream
(100 cc/min) passed through silica gel to remove water vapor. The two
parts of the sample stream were recombined and passed through a dry gas
integrating flow meter, and orifice meter to set flow rate and the air
mover. The exhaust from the sampling system was vented into the sample
duct. These as well as all samplers employed are described more fully
in reference 1.

At station #2, an iodine species sampler was connected to the end
of the probe. The species sampler consisted of, in order of flow, a
fiberglass HEPA filter; an elemental iodine adsorber, cadmium iodide
adsorbed on chromosorb-P; a hypoidous acid adsorber, 4-iodophenol
adsorbed on alumina; and an organic iodide adsorber, TEDA charcoal.
The charcoal bed was segmented to assure complete adsorption of all of
the sample. The sample flow used in all measurements was nominally 2 cfm.

The local samplers employ the same sampling concept as the jodine
species sampler described above. The difference being physical size
and sample flow. The local samplers have a flow of 0.25 cfm.

A tritium and 1*C sampler (5) was also installed along with
the particulate and iodine sampler at stations 1, 2, 3 and 4. This system
consisted of a silica gel adsorber to remove water vapor which might
contain HTO, a molecular sieve adsorber to remove carbon dioxide, a
catalytic oxidizer to convert organic species to carbon dioxide and water
plus any elemental hydrogen to water. Following the oxidizer was a
second silica gel adsorber and molecular sieve adsorber. The sampling
concept is to distinguish between oxidized and nonoxidized 14C and 3H
species.

20



AUXILIARY BUILDING SAMPLING STATION FEEDS

TABLE 2.4

1.
2.
3.
4,

Station 1

Letdown heat exchanger room
Mechanical penetration area

Shutdown heat exchanger room

Valve room

Pipe penetration area
Personnel air lock area

Sampling room

Station 2

Cask decon room

Fuel arrival area

Fuel storage area

Drum storage area

Waste baler room

Spent resin storage room

Yolume control

tank room

Waste evaporator room
Waste holdup tank rooms

Spent fuel heat exchanger room

Safety injection pump rooms
Charging pump room
Charging pump valve room

Fuel Pool area

Station 3

Waste decay tank rooms

Shutdown cooling heat exchanger room
Shutdown cooling heat exchamger valve room
Component heat exchanger room

Spent fuel heat exchanger room
Safety injection pump rooms

Station 4

Charging pump room
Charging pump valve room
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A1l of the ventilation sampling media were returned to INEL for
analysis. The particulates on HEPA filter media were analyzed using
a computer based Ge(Li) gamma spectrometer. For a selected list of
nuclides, based on activities of long term counts of samples from
other reactors, activity levels were determined. If no positive
identification could be made for a particular isotope, a "less than"
(or lower limit of detection) value was calculated.,K The "less than"
value was calculated by fitting a baseline curve to the area of interest
of the spectrum, integrating the area, and assigning an upper limit in
the same manner as for a true photopeak.

The adsorbent media for jodine was also analyzed by a gamma
spectrometer. In all cases the spectrometers were calibrated for
iodine media counting employing secondary standards in the proper
geometry (1). Samples analyzed using the secondary standard calibrations
were inter-compared with DOE-HSL systems. The comparisons gave.good
agreement (to within 5 percent). '

Tritium adsorbent aliquots were treated with low background water
(contains nondetectable amounts of 3H) and counted in situ using liquid
A scintillation counting techniques.

The ‘carbon-14 adsorbents were degassed in a heated helium flow
system and the released gas was collected at liquid nitrogen temperature.
After making manometric measurements to estabiish sample size, the sample
was allowed to react with ethanol amine. The sample was then counted by
liquid scintillation techniques.

In al11 but one case, a disintegration rate for the sample or aliquot
was determined. The disintegration rate was then converted to activity
per unit volume of sample using the sample flow rate and sample time.

The exception was the carbon-14 air samplies, in this case the counting
results were reduced to d/m/cc of COz adsorbed. This value was used
to multiply the abundance of C02 in air, 330 ppm, to convert to d/m or
uCi per cc of sample. In all cases the nuclide concentrations were
converted to nuclide release rates in activity per unit time.

The reported results for gaseous samples include an error associated
with counting statistics and background fluctuations. In addition, an
overall uncertainty of approximately 20 percent should be applied to
account for errors in calibration and indeterminates such as duct flow
variations and in a few cases uncertainty in sampling duration. The
ventilation data are presented in Tables A.35-A.44 in the Appendix.

2.3.2 'Waste Gas Processing System

Short term samples were taken from the pressurized storage
tanks in the waste gas processing system. In all cases the sampies
were taken through the plant's Automatic Gas Analyzer System. The system
is designed to do hydrogen-oxygen analysis of various cover gases.
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Iodine and gas samples for noble gas analysis were taken from this system
using the previously described iodine species sampler or a 250 cc gas
cylinder (results are reported in Tables A.45-A.48 in the Appendix).
Sample duration ranged from 10-60 minutes.

Additional sampies for !*C and tritium analysis were withdrawn
from the pressurized storage tanks through the gas analyzer system.
The analysis of these samples presented several unexpected problems.
First, radiation fields from the silica gel adsorbents due to noble
gases were 200-400 mr/hr measured at contact. Secondly, the samplers
were designed to handle air samples, i.e., oxygen is required for the
proper operation of the catalytic oxidizer which provided separation
of the various tritium and 1%C species. With the exception of one
sample (evidenced by an exothermic reaction in the catalytic oxidizer),
the cover gas samples contained little or no oxygen. Consequently, special
sample collection and handling techniques had to be developed.

For samples containing an appreciable amount of oxygen, an aliquot
of the silica gel adsorbent was put in low background water and refluxed
in the presence of a helium purge. This procedure excluded the noble
gas activities. The purified solution was then counted by liquid
scintillation techniques. '

As an alternate sampling procedure for samples containing insuf-
ficient amounts of oxygen, 75 cc stainless steel gas cylinders were
employed for collecting these samples. The sample cylinders were
evacuated and pressurized with sample gas. Afterwards, the gas cylinders
were returned to INEL where the contents were mixed with low activity
air to provide oxygen and to reduce the potential of sample contamination.
The samples were further processed by passing the mixture through the
3H-14C sampler and then handled in the previously described manner.

The waste gas processing system data are presented in Tables A.45-A.50
in the Appendix.

2.3.3 Containment Atmosphere Sampling

Samples to determine jodine species and 3H-1%C were obtained
from the containment building atmosphere. In addition, a 250 cc gas
cylinder sample of the containment atmosphere was obtained for noble
gas analysis. Samples for the determination of iodine species and 3H-1%C
were taken employing the previously described samplers.

2.4 Plant Operational Data

The plant operational data collected to characterize samples
included the reactor log (computerized form), the auxiliary building
operator's log,vplus information obtained in discussions with plant
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opérating personnel. The inforimation obtained from the reactor log
included:

1. Reactor power level.

2. Letdown flow rate.

3. Steam generators steam flow rates and blowdown rates.
4. Reactor coolant boron concentration.

The above information was tabulated on an hourly basis throughout the
day and is presented in Figures A.1, A.2, A.6, A.8, A.9, A.10, and A.11
in the Appendix. The information obtained from the auxiliary building
operator's log included:

1. Levels in the liquid radwaste system tanks.

2. Pressure drop across the CVCS purification demineralizers
and filters.

3. Evaporator operational parameters including liquid feed
rate, bottoms boron concentration, and distillate
conductivity.

4. Time during the day when specific liquid radwaste tanks were
isolated, processed, filled and recirculated.

5. Times during the day when the evaporator was processing a
specific liquid radwaste tank and when it was on recirculation.

Items 1 through 3 were on a two-hour interval throughout the day while
the specific times when events occurred were noted by the operator in
the log. These data are presented in Figures A.7, A.10, A.17, A.18,
A.19, A.20, A.21, A.22, A.23, A.24, A.25, A.26, and A.27 in the Appendix.

Discussions with personnel at Fort Calhoun Station verified that
the radwaste tank sizes, demineralizer types, and evaporator were
as specified in the FSAR and presented in Tables 2.1 and 2.2. Fort
Calhoun did not recycle any of the liquid or gas streams that reached

the radwaste system.
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CHAPTER 3 - DISCUSSION OF DATA

3.1 . Introduction

In this chapter, data obtained from sample analysis are discussed
on a component or plant system basis. Plant systems and components
are related to the principal parameters used in the NRC calculational
models (6). Each component is addressed in a separate section.

3.2 Thermal Power Level

The maximum designed and licensed power level for the Fort Calhoun
Station is 1420 MWt. During the measurement period, the reactor was
operating near or at this power level, except for hot shutdowns on
8/31/76, 9/24/76 and 1/14/77 and the refueling outage.

In the Appendix, Figure A.1 presents a plot of the power level for
the period 8/15/76 through 10/3/76. Figure A.2 presents the power
level for the period 12/15/76 through 2/24/77. From 10/1/76 through
12/15/76, Fort Calhoun was down for its second refueling.

3.3 Plant Capacity Factor

Information from OPPD (8) indicated that the capacity factors for
the Fort Calhoun plant were: 60.4% in 1974, 52% in 1975 and 54.7% in
1976.

3.4 Radionuclide Concentrations in Pressurized Water Reactor
Liquid System Components

Radionuclide concentrations were measured in samples obtained from
liquid system components at Fort Calhoun. These included: reactor
coolant, steam generator blowdown, spent fuel pool, reactor coolant
drain tank, waste holdup tanks, spent regenerant tanks, hotel waste
tanks and monitor tanks. Results will be discussed in detail later in
this section.

3.4.1 Predicted Concentrations in Reactor Coolant and
Secondary Water

Table 3.1 presents the expected radionuclide activity levels
in the primary and secondary coolant water for the Fort Calhoun Station
based on the N-237 standard (7). These values were derived by adjusting
the parameters of the reference PWR to those of the Fort Calhoun plant.
Techniques for the adjustments are presented in the American National
Standard. N-237/ANS-18.1 publication of the American Nuclear Society (7).
The values used for adjustment of the reference PWR values to the Fort
Calhoun values are presented in Table 3.2. The parameters are for U-tube
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TABLE 3.1

PREDICTED CONCENTRATIONS IN REACTOR COOLANT AND SECONDARY WATER

Calculated for Fort Cathoun from N-237(7) Reference Values

Nuclide

Reactor Coolant

Secondary Water*

(uCi/gm)

Noble Gases - Class 1:

*%k 8 3m|(r
85MK

85Kr
87Kr

BBKr
*ede 89Kr

131mXe
133myea
133Xe
1 35mXe
13SXe
*%137Y@

13BXe

Halogens - Class 2:

sk 83Br
ok auBr
**k GSBr
%%x1307
131]
132]
133]
134]
135]

Cesiums, Rubidiums -

** 86Rb

88pp
136Cs

Water Activation Products - Class 4:

*%k 16N

Tritium - Class 5:

3H

(uCi/gm)
1.7(-2)
8.7(-2)
1.52-1)
4.8 -23
1.6(-1
4.o§~3)4
S
e
2.8(-1)
7.1(-3)
3.5(-2)
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TABLE 3.1 (cont'd)
PREDICTED CONCENTRATIONS IN REACTOR COOLANT AND SECONDARY WATER

Calculated for Fort Calhoun from N-237(7) Reference Values

‘ Reactor Coolant Secondary Water*
Nuclide (uCi/gm) (uCi/qm)
Other Nuclides - Class 6:
S1Cp 1.9(-3) 1.0(-5
54Mn 3.1§-4; 2.7(-6
S5Fe 1.6(-3 9.4(~6
59Fe 1.0(-3) 6.4(-6
58Co 1.6(-2 9.0(-5
60Co 2.0&-3; 1.2(-5
833y 3.5(-4) 2.6(-6
. 05y 1.0(-5 6.4(-8
*% 91Gp 5.7(-4 3.3(-7)
*x 90y 1.2(-6) 2.1(-8
91y 6.5(-5) 3.9(-7
*k 1My 2.9(-4) 8.1 -8;
*% 93y 3.02-5; ‘ 2.3(-8
957y 6.0(-5 3.9(-7
95Nb 5.0i-sg 3.9(-7)
99Mo 8.2(-2) . 3.2(-4
99MTC 4,1(-2) 1.4(-4
103Ry 4.5(-5) 2.6(-7
**106Ry 1.0§-5) 6.4(-8
*%10 3MRp 3.6(-5) 5.6(-8
**x106Rh 7.9&-6) 1.2(-8
**125MTe 2.9(-5) 1.2(-7
*%12MTe 2.8(-4 1.2(-6
**x1277T@ 7.5(-4 1.1(-6
129Mre 1.4(-3 7.7(-6
1297¢ 1.3(-3 1.7(-6
131mTe 2.3 -3; 4.3(-6
**x131Tg 8.8(-4) 1.2(-6
1327¢ 2.6(-2) 8.6(-5)
*%137MBa 1.3(-2) 1.8(-5,
140Ba 2.2(-4) 1.1(-6
1401 3 1.4(-4 7.7(-7
141Ce 7.0 -5; 3.9(-7
143Ce 3.8(-5 8.2(-8
1kbCe 3.32-5; 2.7(-7
*%14 3pp 5.0(-5 2.5(-7
¥k lbkpp 2.6%-53 4.7(-8
239Np 1.2(-3) 2.5(-6

* . Calculation assumed all volatile treatment chemistry for secondary
water.
**: N-237 (7) radionuclides not directly measured at Fort Calhoun.
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TABLE 3.2

PARAMETER VALUES USED TO MODIFY N-237 (7).
ACTIVITIES FOR FORT CALHOUN

Fort Calhoun

Parameter Symbol  ‘Units Value
- Thermal power P MWt 1420 *
Steam flow rate (both generators) FS 1bs/hr 6.2(6)*
Weight of water in reactor coolant WP 1bs 2.9(5)**
system
Weight of water in all steam WS 1bs 1.56(5)%**
generators
Reactor coolant letdown flow FD 1bs/hr 1.5(4)*
(purification)
Reactor coolant letdown flow FB 1bs/hr 200 *
(yearly average for boron control) '
Steam generator blowdown flow FBD  1bs/hr 25,000 *
(total)
Fraction of radiocactivity in blow- NBD e 1.0 *

down stream which is not returned
to the secondary coolant system.

Flow through the purification FA 1bs/hr 1600 *
system cation demineralizer

Ratio of condensate demineralizer NC e 0.0 *
flow rate to total steam flow rate

Ratio of the total amount of noble Y = meeee- : 0.0 *
gases routed to gaseous radwaste
from the purification system to
the total amount routed from the
primary coolant system to the
purification system (not
including the boron recovery
system)

* : Based on information dbtained during measurement program.
**. Information from FSAR (3).
**%: Information from (9).
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steam generators assuming all volatile treatment (AVT) of the secondary
coolant. In Tables 3.1 and 3.2, as in all other tables in this report,
the number 1in parentheses following a number represents the power of
ten multiplier.

The radionuclides presented in Table 3.1 include ‘all the radio-
isotopes discussed in N-237. In the subsequent data tables, all of the
radioisotopes discussed in N-237 are not included.

The techniques used in collecting the data would have detected and
quantified all gamma-emitting radionuclides present in the collected
samples. However, our experience with these measurements has indicated
that certain radionuclides are either not present or should not be
reported due to potential errors in sample collection.

An example of these potential errors is the measurement of the noble
gas activities in liquid samples. Only with specialized sample collection
techniques is it possible to quantitatively determine the dissolved noble
gas concentrations in liquid samples. At almost all sampling points
used, the only method available for sample collection was to transfer the
liquids into open volumetric measuring devices. This procedure results
in an unknown degasification factor for the dissolved noble gases (i.e.,
an indeterminate amount of noble gases is removed from the liquid sample).
Consequently, noble gases have not been included in most of the data
tables. Where noble gas concentrations are reported, more specialized
sample techniques (i.e., plumbing the sampler in series with the sample
1ine) were employed. This was done for selected reactor coolant samples
and the data are presented in the reactor coolant section.

Certain radionuclides that are reported in N-237 have not been
observed in data obtained at Fort Calhoun. For example, the radionuclides,
1301 and 86Rb, were not detected because of their very low fission yield
(about 2 X 10-3 percent for each isotope). The radionuclides 6N and
93Y were not detected due to their short half-lives or low gamma-ray
branching ratios. ’

Several of the radioisotopes listed in N-237 are daughters of
measured parent radioisotopes. For examqle, 90g,_90y,  91Sp-_91my,
99Mo-99MTc, 103Ry-103mRp, 106Ry-106MRh, 137Cs-137mBa, and l44Ce-144Pr
.are such parent-daughter radioisotopic pairs. It is our experience in
the radionuclide measurement of samples from nuclear plarit systems that
these parent-daughter pairs are in radioactive decay equilibrium because
of production, half-life, and time considerations. Therefore, the
parent activities are reported and the daughter activities can be easily
calculated assuming radioactive decay equilibrium.

No bromine activities-were-detected in liquid samples from Fort
Calhoun. ' Particular attention has been given to the detection of 84Br
due to its decay scheme and relatively large fission yieid. However,
it has not been observed. A potential explanation for this is that bromine
is a very reactive element and could attach to the surfaces of reactor
system components.
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The tellurium isotopes have not been observed with any consistency
in either reacig coolant or -other plant process streams. The tellurium
radioisotopes e and 132Te have large fission yields, relatively
long half-lives and detectable gamma-ray emissions. Particular attention
has been given to detection of these two tellurium isotopes, but they
have not been observed with any consistency. A potential explanation
is that these radionuclides are fixed on the reactor system components.
The fixing of radionuclide activities to structural materials can be a
time varying phenomena. That is, it can be a function of the chemical
and physical properties (pH, temperature, flow rate, ions present, chemical
form of radioelement, etc.). The tellurium isotopes are presented in the
data tables when detected.

3.4.2 Measured Reactor Coolant Radionuclide Concentrations

Table 3.3 1ists the number. of samples, mean values, and ranges
of radionuclide concentrations in reactor coolant. Data summarized in
Table 3.3 are presented in Tables A.1, A.2, A.3, and A.7 of the Appendix.
If only one of the samples had a measured value for a specific radio-
nuclide, this value is presented as the mean along with its one sigma
standard deviation error. Also, for the pure beta-emitting radionuclides,
usually one sample was collected for analysis during a particular
measurement period. If none of the samples collected during a parti-
cular measurement period resulted in a measurable value for a-
specific radionuclide, then the smallest lower detection limit is
presented as the mean. The radionuclide concentrations presented in the
first column are from Table 3.1. Values from Table 3.1 have been
converted from uCi/gm to uCi/ml assuming a density of 1.0 gm/ml for
water.

As indicated in Table 3.3, 1311, 58Co, and 3H have significantly
different concentrations for the pre-refueling and post-refueling periods.
lodine-131 and 58Co were observed to decrease after refueling while the
3H increased. There is no obvious explanation for the increase in tritium
after refueling. However, weekly tritium analysis by OPPD of reactor
coolant indicated the same increase. The iodine decrease is attributed
to cleanup and decay. The 58Co coolant level activity decreased by
approximately 70 percent after refueling. Based on a forty-five day
outage, the 58Co should have decayed by only approximately 35 percent,
indicating cleanup by the CVCS demineralizers during the refueling outage.
A decrease in €0Co levels was not observed. This may be attributed to
the higher DF's for 58Co than for 60Co observed in both the CVCS purifi-
cation and cation demineralizers (see Tables 3.23 and A.11). The higher
observed DF's for 58Co may be due to the fact that 58Co and 60Co exist
as different chemical species in reactor liquids.

The rest of the radionuclides presented in Table 3.3 had similar
radionuclide levels before and after refueling or were highly variable.

Table 3.4 presents radionuclide concentrations in reactor coolant

during the refueling outage, before and after spent fuel movement.
Since there was only one sample of reactor coolant taken after fuel
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TABLE 3.3
RADIONUCLIDE CONCENTRATIONS IN REACTOR COOLANT (REACTOR POWER OPERATIONS)

Measured: Before Refueiing Measured: After Refueling

Samples: 14:52; 8/18/76 Samples: 08:40; 2/9/77

09:17; 8/19/76 08:44; 2/17/77
09:58; 8/19/76 13:01; 2/22/77
11:19; 9/1/76
Calculated 11:54; 9/1/76
Using
N-237 (7) Mean Range Mean Range
Nuclide {uCi/ml1) (pCi/ml) (uCi/ml) (uCi/ml1) {(pCi/m1)
Noble Gases:
85My - 8.7(-2) * 1.7(-1) 1.4-1.9(-1)
85Kr 1.5(-1) * 1.3(~2) 0.8-1.8(-2)
87Kr 4.85-2) * 1.75-1) 1.4-1.95-1)
88Kr 1.6(~1) * 2.9(-1) 2.6-3.3(-1)
131Mye 9.3(-2) * 4.5(-2) 3.1-5.2(-2)
133Mya 1.8(-1) * 1.3(-1) 1.2-1.4(-1)
133)%e 1.5(+1) * 5.5(0) 5.0-6.0(0)
135Mye 1.0(-2) * 8.6(-2) 7.0-9.5(-2)
135x%e 2.8(-1) * 9.8(-1) 0.9-1.1(nN)
138%e 3.5(-2) * 1.6(-1) 1.5-1.6(-1)
Iodines:
1311 2 7(-1; 2.7§-1) 1.5-3.9(-1) 8.55-2) 7.4-9 5(-2;
1321 8.2(-2 9.7(-2) 0.82-1.1(-1) 5.2(-2) 4.6-6.3(-2
1331 3 Sé-l) 1.42-1; 0.34-2.4(-1) 1.1&-1) 1.0-1.3(-1)
1341 3 8_-2) 3.3(-2 2.8-3.8(-2) 3.5(-2) 2.8-4,2(-2)
1351 1.6(-1) 6.1(-2) 2.8-7.3(-2) 7.3(-2) 6.8-8.2(-2)
Cs and Rb:
88Rb 1.6(~1) 4.5(-1) 3.8-5.3&-1) 5.0(-1) 4.6-5.32-1)
89RbD. Rk 5.9(-2) 4.5-7.1(-2) 1.9(-2) 1.3-2.3(-2)
134¢Cg 2.6(-2) 1.5(-2) 1.4-1.6§-2) 2.2(-2) 0.1-6.25-2)
136Cs 1.32-2) 4.02-3) 3.6-4.7(-3) 6.3(-5) 3.5-9.7(-5)
137Cs 1.8(-2) 1.4(-2) 1.4-1.6(-2) 2.6(-2) 0.2-7.1(-2)
138Cg kk 3.3(-1) 3.1-3.7(-1) -1.7(=1) 1.5-2.0(-1)
139¢Cg Tk 1.6 + 0.4(-1) ** <4(-4)
Tritium: .
»3H 1.0(0) 4.77 & 0,02(=-2) ** 2.15 £ 0.02(-1)  **
Other Nuclides:
lug ek 4.7 + 0.4(-6) ** 7.0 £ 0.2(-6)
24Na *hk 1.9(-3) 1.3-2.8(-3) 1.1(-2) 0.75-1.4(-2)
32p *hk 4.5 & 0;'4(-6) *k *
35g kK 5.6 + 2.0(-6) ** *
See bottom of page, Table 3.3 (cont.) for asterisk notes.
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TABLE 3.3 (cont'd)

RADIONUCLIDE CONCENTRATIONS IN REACTOR COOLANT (REACTOR POWER OPERATIONS)

Nuclide

“lAr
.SlCr
SUMn

55Mn

SSFe
59Fe
Saco
"60Co
63“1

GSZn
89Sy
90Sy
91y

SSZr
95Nb

99Mo
10 3Ry
IIOMAg
124gh

129MmTe
129Te
131mTe

132Te
139Ba

IQOBa
.IQOLa

IHICe
143Ce
IHQCe
1“7Pm
187y

239Np

Calculated 11:54; 9/1/76

Using

N-237 (7) Mean Range Mean Range

(pCi/ml) {uCi/m1) (uCi/mi) (uCi/m1) (uCi/m1)
Other Nuclides: (cont'd)

*rk * 3.4(-3) 2.0-5.6(-3)

drkeke 1.08 = 0.01(-4) *k *

1.9(-3) <1(-2 7.3 + 1.8(-4) bl

3.1(-4) 2.5(-4 0.13-1.1(-3) 5.6(-4) 0.022-1.6(-3)

ok 3.6(-2 3.3-3.7(-2) 1.4 + 0.4(-2) failad

1.6&-33 1.06 + 0.01(-3) *k 1.16 * 0.02(-4) bl

1.0(-3 7.5(-5) 0.56-1.1(-4) 1.1(-4) 0.47-1.8(-4)

badadel 2.8(-3 bdd 1.5(-3 0.36-2.3(-3)

1.6&-2; 7.1(-3 0.60-1.2 -2; 2.2(-3 1.1-3.6(-3)

2.0(-3 1.3(-4 0.79-2.0(-4 5.7(-5 0.18-2.1(-4) -

Tk 1.76 + 0.02(-4) ok 3.7 & 0.2(-5) **

ik 2.8(-3) 1.1-5.0(-3) <2(-5)

3.52-4; 1.22 + 0.05(-3) ok 8.6 + 0.9(-6) &

1.0(-5 3.8 2 0.52-63 bdd <8(~7)

65.2-5g 7.7 £ 1.3(-6 ** 1.3 ¢ 0.25-6 *%

6.0(-5 4.4(-4) 0.8-8.1(-4) 4.3 ¢+ 1.2(~5 *k

5.0(-5 6.2(-5 3.8-8.6(-5) 3.8 + 0.3(-5) *k

8.2(-2 1.3(-2 0.25-1.5 -2; 1.45-3; 0.064-1.4(-3)

4.5(-5 6.9(-4) 0.27-1.1(-3 1.7(~5 1.7-1.7(=5)

kk 2.1(-4) - 0.2-3.8(-4) <3(-5)

ok 1.2 + 0.7(-5) % 3.6 + 2.45-6; *x

1.4(-3) <2(-3) 1.9 + 0.8(-4 **

1.35-3; <7§-3 <2(-4

2.3(-3 <3(-4 <2(-4

2.6(-2) <1(-3 <2(-3

ik 6.0(-2 4.2-7.4(-2) 5.6(-2) 4.9-6.3(-2)

2.2 -4; 5.02-4 3.2-5.9(-4 <1(-4)

1.4(-4 4.0(-4) 3.0-4.7(-4 2.6(-4) 0.87-4.4(-4)

7.0(-5 3.0 £ 1.3(-4) * 2.7 + 1.5(-4) &

3.8(-5 1.2(-2) : 0.083-3.0(-2) <3(-3)

3.3(-5; <6(-4) 2.3 +0.3(-3) ¥

badubed 9.0 + 2.0(-7) ke *

ke 1.95-2; 0 26-3.8(-2; 7.0{-3; 5.4-8.6(-3)

1.2(-3) 1.4(-2 0.53-2.0(-2 7.0(-3 4.3-9.6(-3)

Measured: Before Refueling

Samples: 14:52; 8/18/76
09:17; 8/19/76
09:58; 8/19/76
11:19; 9/1/76

Measured: After Refueling

Samples: 08:40; 2/9/77
08:44; 2/17/77
13:01; 2/22/77 -

* : Analysis not performed for radionuclide.
** : Detected in one measurement, only, for this radionuclide.
**%: Radfonuclide not treated in N-237 (7).
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TABLE 3.4
RADIONUCLIDE CONCENTRATIONS IN REACTOR COOLANT (REACTOR REFUELING)

Measured: During Refueling

Prior to Fuel Transfer After Fuel Transfer
Calculated Sample: 12:36; 10/20/76 Sample: 13:15; 12/3/76
Using 11:00; 10/27/76
N-237 (7) Mean Range Activity
Nuclide (uCi/ml) (uCi/ml) (uCi/ml) (uCi/mi)
Iodines:
1311 2.7(-1) 1.2 £ 0.2(-2) *x <4(-4)
Cesiums:
134¢cg 2.6(-2) 3.0(-2) 2.3 - 3.7(-2) 6.18 + 0.09(-3)
136¢g 1.3(-2) 1.5(-3) 0.9 - 2.1(-3) 1.9 + 0.3(-4)
137¢s 1.8(-2) 3.0(-2) 2.3 - 3.8(-2) 6.3 +0.1(-3)
Tritium:
34 1.0(0) 3.5(-2) . 3.4 - 3.5(-2) 1.06 + 0.02(-2) -
Other Nuclides:
14c *kk 2.4(-5) 2.1 - 2.7(-5) 5.3 +0.2(-7)
32p Fkk 1.1(-5) 0.5 - 1.6(-5) *
35g Fkk 1.4 + 0.9(-6) *k 2.50 + 0.06(-5)
. 45ca ke <6(-7) . *
Sicp 1.9(-3) <2(-3) 2.9 +0.9(-3)
ShMn : 3.1(-4) 3.1(-4) 2.5 - 3.6(-4) 8.7 +0.2(-4)
SSFe 1.6(-3) 1.3(-3) 0.39- 2.2(-3) 3.91 + 0.02(-3)
59Fe 1.0(-3) 1.4%-4) 1.2 - 1.6(-4) 3.2 +0.4(-4)
57Co *kek 3.2(-4) 2.4 - 4.1(-4) 2.3 +0.3(-4)
58Co 1.6(-2) 1:6(-1) 1.3 - 1.8(-1) 7.0 0.1(-2)
60Co 2.0(-3) 6.7(-4) 6.4 - 6.9(-4) 1.6 + 0.3(-3)
63N ke 4.8(-3) 3.9 - 5.8(-3) 3.94 + 0.02(-3)
657n *kk 8.2 + 2.5(-5) folad 5.1 # 1.05-5;
895y 3.5(-4) 2.7(-5) 0.53- 4.8(-5) 5.3 + 0.3(-5
905y 1.05-53 1.2(-6) 0.4 - 2.05-6) 1.08 + 0.05(-5)
91y 6.5(-5 9.0(-7) 0.3 - 1.5(-6) 2.13 + 0.08(-5)
957 6.0(-5) <1(-2) - 1.1 + 0.2(-48)
95Nb 5.0(-5) <9(-3) 2.6 +1.7(-4)
103py 4.5(-5) 1.5 + 0.8(-4) wh <3(-4)
110mpg *kk <1(-3) 1.5 + 0.1(-4)
124gh ik 9.6(-5) 0.61- 1.3(-4) 1.28 + 0.09(-4)
129mre - 1.4(-3) A(-1)y <2(-1)
14083 2.2(-4) <5(-4) 5.3 % 2.1(-4)
141ce 7.0(-5) <1(-4) <4(-5)
l4hce 3.3(-5) 2.6 £+ 2.3(-4) *k <2(-4)
* 1.4(-6) 1.1 - 1,7(-6) *

Analysis not performed for radionuclide.
** . Detected in one measurement, only, for this radionuclide.

*** : Radionuclide not treated in N-237 (7).
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movement, the measured activity level and the one sigma standard
deviation based on counting statistics are presented instead of a mean
and range. The data summarized in Table 3.4 are presented in Table A.4
of the Appendix. Radionuclides with half-lives of less than eight
days are not presented in Table 3.4 because these was no production of
radionuclides due to the reactor not operating. Between the collection
of the two data groups of Table 3.4 (before and after fuel transfer),
the reactor coolant was being processed through the cation demineralizer
of the CVCS. This resulted in a significant reduction in the cesium
concentrations as is shown in Table 3.4. The data for the cation
demineralizer are presented in Table A.11 in the Appendix.

3.4.3 Radionuclide Concentrations in Steam Generator Water

Water samples were taken of the steam generator blowdown
for both generators before and after refueling. Table 3.5 presents the
results for blowdown samples. For comparison, the expected radionuclide
concentrations calculated using the N-237 model are also listed. Data
summarized in Table 3.5 are in Table A.13 in the Appendix. The blowdown
activity levels were observed to be lower than predicted by N-237. At
the time the samples were taken, the total steam flow rate was 6 million
pounds per hour and the total blowdown rate was 20,000 1bs/hr. Samples
obtained prior to refueling were 450 m! in volume, which did not provide
adequate measurement sensitivity for many nuclides. After refueling, large
volume samples (about 200 liters) were processed through ion exchange
columns to improve sensitivity. As shown in Table 3.5, the presence of
several radionuclides was confirmed using this technique. However, there
was no indication of a primary to secondary leak (based on 131], levels
< 102 1pbs/day). Fort Calhoun Station released all the steam generator
blowdown water to the discharge pipe during the period of the in-plant
measurements. That is, none of the blowdown waters were processed with
demineralizers prior to release or recycled within the plant.

3.4.4 Concentrations of Radionuclides in Spent Fuel Pool
and Refueling Associated Waters

Mean values and observed ranges of radionuclide concentrations
in the spent fuel pool samples are presented in Table 3.6. All measurements
are presented in Tables A.2, A.14, and A.18 of the Appendix. Before
refueling, the spent fuel pool contained 32 expended fuel assemblies
from the refueling in the spring of 1975. After refueling, the fuel pool
contained 64 expended fuel assemblies. Table 3.7 presents the radio-
nuclide concentrations observed in fuel pool water during refueling.

The data are presented from measurements made before and after fuel
movement to the pool. All data obtained are listed in Table A.17 of the
Appendix. With the exception of 1%C, radionuclide concentrations in the
spent fuel pool increased after fuel movement.

Using measured tritium concentrations in the .reactor coolant,
refueling cavity, spent fuel pool, and the safety injection and refueling
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TABLE 3.5

RADIONUCLIDE CONCENTRATIONS IN STEAM GENERATOR WATER

Steam Generator B]owdoﬁn Activities:

Calculated Measured: Before Refueling " Measured: After Refueling
Generator Generator A: 09:40; 8/26/76 Generator A: 2/08 - 09/77
Water _Generator B: 09:40; 8/26/76 Generator B: 2/10 - 11/77
Using N-237(7) Mean of Both Range Mean of Both Range
Nuclide (uCi/ml) (uCi/ml) (uCi/m1) (uCi/ml1) (uCi/ml)
Iodines:
1311 1.6 -33 <4(-8) 5.5(~10) 1.7 - 9.3(-10)
1331 5.6(-4 * <3(-10)
Cesiums:
134¢g 1.3(-4 <1(-7) 5.3(-9) 2.4 - 8.2(-9)
136¢s 6.4(-5 o o* 8.4+ 6.7(-11) **
137¢cg 1.1(-4 <1(-6) 8.3(-9) 0.38 - 1.3(-8)
Tritium:
3 1.0(-3) 1.7 £ 0.2(-5)  ** T
Other Nuclides:
e dokk <3(-8) t
24pNa. — * <1(-10)
32p Fedek <4(-8) + ‘
Slep 1.0(-5) * 4.0(-10) 3.9 - 4.0(-10)
S4Mn 2.7(-6 <1(-7) , 1.0(-9) 0.70 - 1.3(-9)
55Fe 9.4(-6 5.2 + 0.1(-6 *k +
5Fe 6.4(-6 ; <3(-10)




_TABLE 3.5 (cont'd)
RADIONUCLIDE COMCENTRATIONS IN STEAM GENERATOR WATER

Steam Generator Blowndown Activities:

Measured: Before Refueling Measured: After Refueling
Calculated ’
Generator Generator A: 09:40; 8/26/76 Generator A: 2/08 - 09/77
Water Generator B: 09:40; 8/26/76 Generator B: 2/10 - 11/77
Using N-237(7) Mean of Both Range Mean of Both - Range
Nuclide (uCi/m1) (uCi/m1) (uCi/m1) (uCi/ml) ~ (uCi/ml)
Other Nuclides: (cont)
57Co kkk * <5(_11)
58Co 9.05—5 * 3.0&-9) 0.78 - 5.2(-9)
60Co 1.2(-6 <2(-7; 1.2(-9) 0.64 - 1.8(-9)
63N{ dkdk <8(-8 +
833y 2.6(-6 <4(-8) +
905y 6.4(-8 <2(-8) +
9y 3.9(-7 <1(-8) +
957y 3.9(-7 C ok <3(-10)
9I5Nb 3.9(-7 * <1$-1o; *k
99M0 302 -4 * <6 "11
103Ry 2.6(-7 * <3(-10) **
124g} *x * 2.1(-10) 0.9 - 3.3(-10)

* : Radionuclide not observed.

** : Detected in one measurement, only, for this radionuclide.
*%%: Radionuclide not treated in N-237 (7).

+ : Analysis not done for this radionuclide.




TABLE 3.6
RADIONUCL IDE CONCENTRATIONS IN SPENT FUEL POOL (REACTOR POWER OPERATIONS)

Before Refueling:

Samples: 10:49; 08/23/76
10:31; 08/31/76
Mean Range
Nuclide {uCi/ml) (uCi/ml)
Cesiums:
134¢g 9.4(-5) 9.2 - 9.6(-5)
136Cg 2.7 £ 1.9(-7) *k
137Cy 2.0(-4) 1.9 - 2.1(-4)
Tritium: .
34 7.34 £ 0.04(-3) **

Other Nuclides:

7.0 + 2.0(-8)
<2(-7)

<2(-7)

1.44 + 0.02(-5)
1.7(-5)

1.85 + 0.02(-5)

1uc

¥ . Analysis not performed for radionuclide.

o !

N e

2
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sk

ok

%%

sk
.2
8

1.7(-5)

» oo
NN

After Refueling

Sample:

08:45; 02/22/77

Activity
(uCi/ml1)

(~5)
1.39 +

0.

02(-4)

8.94 + 0.03(-3)

1.8 + 0.1(-7)

*
*

*

N
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e e [
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A A Bt OTA WP SNIN b
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Detected in one measurement, only, for this radionuclide.

.O (oo Mol o ] (o N e N N e N N )

.04(-5)
.02(-4)
.3(-6)

.3(-6)

.02(-3)
.07(-5)
.02(-4)
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TABLE. 3.7

RADIONUCLIDE CONCENTRATIONS IN SPENT FUEL POOL (REACTOR REFUELING)

Before Fuel Transfer:

After Fuel Fransfer:

Samples: 10:05; 10/14/76 Samples: 14¢10; 11/08/76
11:05; 10/27/76 14:10; 12/02/76
Mean Range Mean Range
Nuclide {(uCi/ml) (puCi/m1) (uCi/m1) (uCi/ml)
Iodines:
1311 <3(-7) <6(-7) <6(-6) <8(-6)
Cesiums:
134Cg 1.0(~4) 0.82 - 1.2(-4) 2.5(-3) 2,5 - 2.6(-
136Cg 2.3 £+ 0.7(-6) ok 4,1(-5) 1.5 - s.sg-
137Cg 2.2(-4) 1.9 - 2.5(-4). 2.7(-3) 2.6 - 2.7(-
Tri;ium:
34 7.3(-3) 7.2 = 7.3(-3) 9.2(-3) 9.1 - 9.2(-3)
Other Nuclides: )
Ite 9.2(-7) 0.67 - 1.2(-6) 4.6(-7) 0.3 - 8.8£-7)
32p <2(-7) <4(-7)
35g <2(-7) 1.1(-6) 0.5 - 1.7(-6)
45Ca <6(-8) <6(-8)
lcr <3(-6) 7.6 + 2.5(-6)  **
S4Mn 1.7(-5) 1.5 - 1.9(-5) 8.3(-5) 8.2 - 8.3(-5)
55Fe 8.7(-6) 0.49 - 1.3(-5) 5.0(-5) 2.4 - 7.5(-5)
S9Fe <4(-6) 9.5 + 1.3(-6)  **
57¢Co 5.2(-6) 4.5 - 5.9(-6) 4.0(-5) 3.7 - 4.2(-5)
58¢co 5.6(-4) 5.1 - 6.2(-4) 1.5(-2) 1.4 - 1.5(-2)
60Co 4.8(-5) 4.5 - 5.0(-5) 1.4(-4) 1.2 - 1.5(-4)
63N§ 2.7(-8) 2.6 - 2.8(-4) 1.0(-3) 0.97- 1.0(-3)
657n <4(-6) 4.0(-6) 2.2 - 5.7(-6)
895y <4(-8) 6.9(-6) 6.8 - 7.0(-6)
90gy <2(-8) 7.8(-7) 7.2 - 8.4(-7)
9y <8(-8) 3.1(-6) 2.9 - 3.4(-6)
957y <4(-5) <2(-3)
95Nb <2(-5) <1(-3)
103gy <8(-6) <1(-4)
110mpq 2.0(-6) 1.5 - 2.5(-6) 6.2(-6) 4.0 - 8.4(-6)
124gh 4.0(-7) 2.9 5.1(-7) 6.1(-6) 0.11- 1.1(-5)
140Ba <3(-5) 1.3 & 0.4(-4)  **
l4lce <3(-7) <6(-6)
lbkca <2(-6) <3(-5)
147pp 2.0(-7) 1.5 - 2.5(-7) 4.4(-7) 1.9 - 6.8(-7)

*k o

Detected in one measurement, only, for this radionuclide.
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water storage tank (SIRWT), a tritium balance was estimated for these
compartments during the refueling outage. The refueling cavity and

SIRWT activity values.are listed in Tables A.16 and A.15 in the Appendix.
Tabie 3.8 gives these tritium balance estimates and the volumes of the
respective compartments at the four different times during the refueling
outage, i.e., before refilling the refueling cavity (10/12-10/20/76),
after filling the refueling cavity but before spent fuel movement
(10/27-11/1/76), after spent fuel movement but before draining the refueling
cavity (11/8/76), and after completion of refueling and draining of the
cavity (12/2-12/3/76}. Note that during the refueling outage the reactor
coolant total tritium content decreased by about 3 Ci while -the total
tritium in both the SIRWT and spent fuel pool increased by about 2 Ci.
This discrepancy may be related to the sampling technique (dip samples)
used in the reactor cavity and the fuel transfer canal. Sampling
techniques and locations for spent fuel pool and refueling cavity are
described and shown in Section 2.2.3 and Figure A.12, respectively.

3.4.5 Radionuc]ide Concentrations in Reactor Coolant Drain Tank

The sample point for the reactor coolant drain tank
was on the tank and within containment. Because access to contain-
ment was limited, only one sample was taken. This sample was obtained
after refueling. Table A,19 in the Appendix presents the radionuclides
observed in this one sample. Figure 2.2 presents information on
reactor component system feeding liquid radwastes to the reactor coolant
drain tank. Section 3.7 presents information on the flow of liquids
through the reactor coolant drain tank.

3.4.6 Radionuclide Concentrations in Waste Holdup Tanks

Table 3.9 presents a summary of the radionuclide concentrations
measured in the waste holdup tanks before, during, and after refueling.
Data summarized in Table 3.9 are presented in Tables A.20, A.21, and
A.22 of the Appendix. Figure 2.2 shows which plant components feed liquid
radwastes to the waste holdup tanks. The liquid flows through the waste
holdup tanks during the measurement period are presented in Section 3.7.

Samples taken from the waste holdup tanks before refueling were
very different in measured radionuclide concentration, so the data from
these samples were not averaged but presented separately in Table 3.9.
The sample taken on 9/2/76 was from waste holdup tank WD-4A. An
inspection of the auxiliary building operator's log showed that Tank
WD-4A had a large inflow of water between 22:00, 8/30/76 and 02:00,
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TABLE 3.8
TRITIUM BALANCE DURING REFUELING

Compartment

Reactor Core

SIRWT

Fuel Pool

Sum of A1l Components

Core plus Cavity
SIRWT

Fuel. Pool

Sum of A11 Components

Core, Cavity, Fuel Pool
SIRWT

Sum of A11 Components

Core

SIRWT

Fuel Pool

Sum of A11 Components

Volume 3H Concentration
5931.! (uCi/m1)
Before Filling Cavity
34,600 3.47 + 0.04(-2)
314,000 9.25 + 0.04§-3§
215,000 7.20 + 0.03(-3
563,600 -———

Filled Cavity, Before Fuel Movement

284,100 1.14 + 0.02(-2)
64,500 9.25 + 0.04(-3)
215,000 7.32 £ 0.05(-3)
563,600 -—-

Filled Cavity, After Fuel Movement

499,100 1.1 + 0.2(-2)
64,500 9.25 + 0,04(-3)
563,600 -—-

Drained Cavity

34,600 1.06 0.022-2;
314,000 9.91 + 0.04(-3
215,000 9.12 + 0.04(-3)
563,600 ---

Total 3H

(c1)




TABLE 3.9
RADIONUCLIDE CONCENTRATIONS IN WASTE HOLDUP TANKS

During Refuelina
Sampies: 16:00; 10/11/76
20:30; 10/11/76

Before Refueling After Refueling 23:55; 10/11/76
13:34; 8/24/76 11:40; 9/2/76 10:40; 2/11/77 Mean Range
Nuclide (uCi/m1) (uCi/ml) (uCi/m1) (pCi/ml1) (uCi/ml)
Iodines:
1311 5.06 + 0.07(-3) 1.27 + 0.01(0) 1.20 + 0.01(-2) 1.4(-2) 0.77-2.4(-2)
1331 6.9 + 0.2(-5) 2.29 + 0.01(-1) 2.9 +0.3(-4) 1.2 + 0.5(-5) *k
1351 <2(-6) 2.7 + 0.4(-3) <4(-5) <4(-5)
Cesiums:
134Cg 1.78 + 0.08(-3) 1.56 + 0.05(-1) 1.08 + 0.01(-2) 7.0(-3) 0.058-1.1(-2)
136Cg 2.34 = 0.05&-4; 4.6 + 0.2(-2) 9.6 + 3.8(-6) 1.22-3; 0.64-2.1(-3)
137¢g 1.86 + 0.06(-3 1.47 + 0.05(-1) 1.23 + 0.01(-2) 2.7(-4 0.95-5.9(-2)
Tritium:
3H * * 5.56 + 0.02(-2) *
Other Nuclides:
1uc * * 6.89 + 0.03(-6) *
24Na 4.9 + 2.4(-7) <3$-5) <4(-6) <8(-6)
S1Cy <7(-4) <5(-2) <1(-3) 1.3§-4) 1.1-1.4(-4)
S4Mn 8.0 + 1.2(-6) 1.7 + 0.8(-4) 1.36 + 0.03(-4 3.9(-4) 1.2-6.5(-4)
55Fe * * 1.43 + 0.02(-4 *
59Fe <6{-7) <2(-4) 1.8 + 1.5(-6) 5.3(-5) 3.7-6.9(-5)
57Co <8(-7) 1.1 + 0.4(-3) 6.9 + 1.7(-6) 1.6(-5) 1.3-1.8(-5)
S8Co 6.2 £ 0.1(-5) 1.4 + 0.12-3) 9.30 + 0.08(-4) 4.95-3) 0.55-8.2(-3)
60Co 6.1 + 0.4(-6) 2.6 + 0.7(-4) 4.6 + 0.1(-5 1.7(-4) 1.1-2.5(-4)
63N{ * * 1.51 + 0.02(-4) *
657n <6(-7) <1(-4) <2(-5) <2(-5)
895y * * 4.9 + 0.2(-5) *
0S5y * * 1.13 + 0.06(-6) *
91y * * 1.7 + 0.1(-7) *
95Zr <3(-6) <3(-4) <22-6) <6(-5)
95Nb <1(-6) <1(-4) <9(-6) <4(-5)
99%Mo 9.2 + 0.7(-6) 1.9 + 1.0(-3) 4.7 + 3.1(-5) 5.2(-5) 4,5-5.8(-5)
103py <6§45; <22-3; <1(-4) <4 -4;
110myg  <6(-5 <2(-3 1.7 £ 1.1(-6)
124gh <4(-7) <6§45) 1.4 + 0.5(-6) 5.3 + 1.9(- 3 *
140Ba <2(-4) <6(-3) <4(-4) ‘ 5.7 £ 1.7(-5 *k
140) 3 1.1 £ 0.2(-6) 6.7 + 2.9(-5) - 1.9 + 0.1(-5) 2.9(-5) 2.8-3.0(-5)
181Ce <2(-6) <3(-4) <7(-6) <2(-5
143Ca 2.6 + 0.8(-6) <1(-2) <3(-4) <4(-4
14kCe <6(-6 <1 -3; 7.3 + 2.0(-5) <6(-5)
187y <4(-6 <4(-4 <3(-5) 8.0 + 2.0(-5) *k
239Np <5(-4) 3.5 + 1.2(-3) 2.3 + 1.8(-4) <2(-3)

* . Apnalysis not performed for radionuclide.

** : Detected in one measurement, only, for this radionuclide.
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8/31/76 and then did not receive any additional liquids prior to sampling
on 9/2/76. Also, according to the auxiliary building operator's log, the
spent resin from the CVCS deborating demineralizer, CH-9B, was sluiced

to the spent resin storage tank at 02:00, 8/31/76. Normal procedure was
to send the resin sluice water to the spent regenerant tanks. However, the
auxiliary building operator's log showed that the resin sluice water was
put in waste holdup tank WD-4A. The high cesium and iodine concentrations
were representative of the sluice water from a CVCS resin which had been
in contact with reactor coolant. After refueling, only one of the waste
holdup tanks (WD-4A) contained any radwaste liquid. This tank was sampled
once (see Table 3.9).

3.4.7 Radionuclide Concentrations in Spent Regenerant Tanks

Table 3.10 presents mean values and ranges of radionuclide
concentrations for the spent regenerant tanks for the three measurement
periods. The data summarized in Table 3.10 are presented in Tables A.20,
A.21, A.23, and A.32 of the Appendix. Figure 2.2 shows which plant components
feed liquid radwastes to the spent regenerant tanks. The liquid flows
through the spent regenerant tanks during the in-plant measurements are
presented in Section 3.7.

The data indicate a large variance in spent regenerant tank activity
before and after refueling and also within these operational periods.
Higher levels for radionuclide concentration before refueling were due to
the influx of reactor coolant wastes from the deborating demineralizers
being used to remove the boron shim during coastdown to refueling. Also,
resins from both of the CVCS deborating demineralizers were sluiced to
the spent resin storage tank during the measurements made prior to
refueling. (The spent regenerant tanks, except in the case noted in
Section 3.4.5, collected the spent resin sluice water.)

3.4.8 Radionuclide Concentrations in Hotel Waste Tanks

Mean values and observed ranges for radionuclide concentrations
measured in the hotel waste tanks are presented in Table 3.11. The data
summarized in Table 3.11 are presented in Tables A.24 and A.25 of the
Appendix. The hotel waste tanks receive liquid radwastes from the laundry
drains plus the personnel decontamination shower and lavatory sink drains.
Section 3.7 presents the liquid radwaste flow rates for the hotel waste
tanks. No samples were collected from the hotel waste tanks during refueling.

3.4.9 Radionuclide Concentrations in Monitor Tanks

As indicated in Figure 2.3, the monitor tanks at Fort Calhoun
receive liquid radwaste from the hotel waste tanks and the radwaste
evaporator distillate. Water from the monitor tanks is released to the
discharge pipe after activity measurement to.assure that release limits
are not exceeded. Liquid flow rates through the monitor tanks are discussed
in Section 3.7.
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TABLE 3.10

RADIONUCLIDE CONCENTRATIONS IN SPENT REGENERANT TANKS

Before Refueling

After Refueling

During Refueling

Sahples: 10:48; 08/24/76 Samples: 10:20; 02/11/77 Sample: 12:35; 10/13/76
09:42; 08/26/76 ©09:11; 02/14/77
11:50; 08/31/76 07:30; 2/18/77
Mean Range Mean Range Activit
Nuclide  (yCi/ml) (,Ci/ml) (,Ci/m1) (,Ci/m1) (,Ciy/ml
Todines:
131] 8.0(-3) 0.078- 1.7(-2) 5.5(-4) 0.046- 1.1(-3) 5.46 + 0.08(-4)
133] 4.3(-3) 0.014- 1.3(-2) 1.8(-4) 0.024- 3.2(-4) <4(-4)
135] 1.6(-3) 0.065- 3.0(-3) 1.6 + 0.4(-4) *ok <8(-2)
Cesiums:
134Cg 1.4(-3) 0.33 - 2.2(-3) 6.6(-4) 0.24 - 1.5(-3) 1.92 £ 0.03(-3)
136Cs 2.2(-4) 0.53 - 4.0(-4) <3(-6) 9.2 + 0.2(-5)
137Cs 1.5(-3) 0.35 - 2.6(-3) 7.7(-4) 0.30 - 1.7(-3) 2.18 + 0.03(-3)
Tritium:
3H * 4.14+0.02(-3) *k *
Other Nuclides
14C * 2.5+ 0.1(-7) *k *
24Na 2.0(-5) 0.25 = 3.4(-5) 2.1(-5) 1.6-2.6(-5) <4(-4)
51Cp 1.7 + 0.2(-5) o 3.8{-5; .32 - 7.2(-5) 4.0 * 0.72-52
S4Mn 6.7(~5) 0.17 - 1.2(-4) 3.0(-5 2.7 - 3,2(-5) 3.04  0,04(-4
Sore ; ) ]'7% t)O'OZM) 18 -7 4(-6 140 5 0 04(-5)
59Fe 2.1(-5 0.31 - 3.8(-5 3.6(-6 4 - 7,4(-6) .40 + 0.04(-
57Co 7.5%-6; 0.12 - 1.0(-5) 2.9(-6) 2.2 - 3,4(-6) 1.39 + 0.04(-5)
58Co 3.5(-4) 2.7 - 4.8(-4) 4,6(-4) 3.4 - 5,8(-4) 3,35 % 0.07(-3)

j‘



TABLE 3.10 (cont'd)
RADIONUCLIDE CONCENTRATIONS IN SPENT REGENERANT TANKS

Before Refueling After Refueling
Samples: 10:48; 8/24/76 Samples: 10:20; 2/11/77
09:42; 8/26/76 09:11; 2/14/77
11:50; 8/31/76 07:30; 2/18/77
Mean Range Mean Range

Nuclide (uCi/m1) (uCi/m) (uCi/m1) (ucCi /mU
Other Nuclides: (cont'd) '

60Co 2.7(-4) 0.23-6.7(-4) 2.5(-5) 1.2-3.5(-5)

63N{ * 8.57 + 0.02(-5) ki

657n 1.5(-5) 0.54-2.4(-5) <5(-7).

89gr * 5.0 + 0.7(-7 *k

05y * 1.5 £ 0.3(-7 *k

9y . * 4.0 + 2.0(-8 *k

35Zr 2.8 0.6(-6 *k 4.0 + 1.0(-6 *x

I5Nb 3.1 £0.4(-6 ke <6(-6)

99%Mo 1.2(-5) 0.62-1.9(-5) 6.5 + 4.1(-7) bl
103py <7(-7) <3(-6)

110mAg 5.3(-6) 2.0-8.6(-6) 2.4(-6) 0.19-5.2(-6)
124gh <2(-7§ 4.4(-7) 2.4-6.5(-7)
140Ba <5(-6 <1(~5)

1401 5 5.7(-7) 4,6-6.8(-7) <2 -5;

141ce <](-6) <4(-7

143Ce 4.7 £1.0(-6) Yok 7.7(-6) 0.47-1.1(-5)
li4Ce <6(- 6) <2(-6)

187y 2.0+ .42- g * 2.0 + 1.0&-5% *
239p 3.6+1.8(-4 ok 5.3 & 1.9(-6 ek

* : Analysis not performed for radionuclide.
** . Detected in one measurement, only, for this radionuclide.

During Refueling
Sample: 12:35; 10/13/76

Activity
(uCi/ml)

5.34 ¢
8.5 ¢

0 09(-4)
t 0.8(-6)‘

#*#

S®
—_ QOO

A A=A DA #G’lfﬂ
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L]

NI N £+ N

L e satanaad &




TABLE 3.11
RADIONUCLIDE CONCENTRATIONS IN HOTEL WASTE TANKS

Nuclide

Iodines:

1313
1331

Cesiums:

13ucs
136Cg

137Cg

Tritium:

3H

After Refueling:

Other Nuclides:

iup
Sk Mp
55Fe
57¢Co
38Co
63N4
657n
91Y
95Nb
99M°
103Ruy
1]0"“9
lZ“Sb
140Ba
luOLa
lthe

14 3ce

187y
239Np

Before Refueling: Samples: 13:15; 2/15/77
Sample: 10:43; 8/24/76 12:04; 2/17/77
Activity Mean Range
(pCi/m1) (pCi/m1) (pCi/m1)
1.2 + 0.5(-7) 2.7 £ 0.6(-7) bl
<1(-7) <2(-7)
1.1 + 0.1(-6) 2.2(-5) 1.0-3.5(~5)
<8(-8) <1(-7)
1.69 + 0.09(-6) 2.7(-5) 1.1-4.2(-5)
* 6.0(-6) 4.0-8.0(-6)
* 6.5(-7) 0.16-1.1(-6)
<4(-7 <5(-7)
3.2 + 0.5(-7) 3.0(-7) 1.8-4.1(-7;
. * 2.5(-6) 2.0-3.0(-6
<2(-7) o <1(-7
<1(-7) <5(-7) ‘
1.42 + 0.08(-6) 2.3(-6) 2.3-2.3(-6)
5.9 + 0.7(-7) 4.6 -7; 3.9-5 35-7)
* 1.1(-6 0.2-2.0(-6)
<2(-7) <2(-7)
* 2.2(-8) 1.3-3.0(-8)
* <8(-9
* <? -8}
<2(-7) <3(-7
<8 -8; <1 -7}
<8(-8 - <5(-7
<9$-8; <2(-7)
<1(~7 <2(-7)
<1§-7) <2(-7)
<4(-7) --<8(-7)
<2(-7) <2(-7)
<2(-7) <7(-7)
<1§-7; <1(-7)
<7(-7 <7(-6)
<3(-7) <4(-7)
<3(-7) <3(-7)

* . Analysis not performed for radionuclide.
#** . Detected in one measurement, only, for this radionuclide.

45



Table 3.12 presents the mean values and ranges for radionuclide
concentrations measured in the monitor tanks during the three in-plant
measurement periods. The data for these tanks are presented in Tables
A.2, A.21, A.24, A.24A, A.26, and A.27 in the Appendix. Several times
during the measurement period, OPPD collected samples of monitor tank
water at the same time our samples were obtained. Comparisons of OPPD's
and our results for these samples are presented in Tables A.24A, A.26
and A.27. The comparisons were good (within 10-20% in most cases).

3.5 Auxiliary Building Ventilation System Source Terms

Previously (Section 2.3.1), the sampling stations and locations
for the auxiliary building ventilation system measurements are described.
The radionuclide release rates measured at sample stations 1 through 4
are presented in Table A.35 through A.38 of the Appendix. Local area
sampler data are given in Tables A.39 through A.41 in the Appendix. The
local areas sampled were the waste evaporator room, pipe penetration
room, and the letdown heat exchanger room. The waste evaporator room was
a component of sampling system 2, while the pipe penetration room and
the letdown heat exchanger room werecomponents of sampling system 1.
The waste evaporator room sampler was in operation throughout the
measurements at Fort Calhoun. The pipe penetration room and letdown
heat exchanger room samplers were operated only near the end of the
measurement period. The latter two sampler stations (Fig. 2.4b) were
installed in an attempt to better define the source tem in system 1.
Inspection of Tables A.35-A.38 show systems 1 and 2 to be the primary
ventilation system sources for !31I., System 2 was not divided into
additional components other than the waste evaporator room and system 4
components (Fig. 2.4b).

Corresponding sampling interval data (Table 3.13) for the pipe pene-
tration room, the letdown heat exchanger room, and sample station 1 show
the component rooms sampled were not the main source in system 1.
Consequently, the major source in system 1 would have to be one of the
other components in system 1 (Table 2.4). Based on discussions with
OPPD personnel, it is believed the plant sampling room was the major
source in system 1.

As mentioned above, the waste evaporator room and sampling system
4 were components of sampling system 2., With the exception of two
sampling intervals (9/3-9/9/76 and 9/23-9/30/76, Table 3.14) sampling
station 4 was the major contributor to 13!I released via system 2.
No individual components of system 4 (Table 2.4) were sampled. However,
based on discussions with OPPD personnel, it is believed that due to
the frequency of charging pump leaks, the charging pump room was the
primary source in this system.
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RADIONUCLIDE CONCENTRATIONS IN MONITOR TANKS

TABLE 3.12

Before Refueling:

™

Samples: 13:25; 8/24/76
15:15; 8/24/76
08:17; 9/1/76

Mean Range

Nuclide (uCi/m1) (uCi/m1)
TIodines:

1311 1,52-5g 1 2-2.25-5;
1331 5.5(-7 1.8-8.9(-7
Cesiums:

134Cg 2.6(-6) 1.1-3.7(-6)
136Cg 3.9 -7; 1.0-7.15-7)
137(s 3.0(-6 1.444.1(-6)
Tritium:

3 3.75 = 0.02(-3)
Other Nuclides:
14¢ 2.6 + 0.2(-7)

32p <4(-8)
359 <2(-7)
45Ca 1.79 + 0.02(-5)
S51Cp <2(-6)
StMn 5.6(-7)
55Fe 5.2 + 0.1(-6)
59Fe <1(-7
57Co <2(-7
58Co 3.1(-6
60Co 7.2(-7
63N 3.6 ¢ 0,1(;7)
657n <1(~7)

sk

*%

*k

2.7-8.5(-7)
ok

0.88-5.0(-6)
5.9-8.2(-7)

ok

After Refueling:
Samples: 09:30; 2/10/77
08:14; 2/14/77
08:49; 2/19/77

Mean Range
SgCi[mll :!ECi[m1[
4.2(-7) 2.5-5.2(-7)
<2(-7)

4,8(-6) 3,3-7.0(-6)
<2(-7) '
5.9(-6) 4.1-8.5(-6)
5.36 + 0.02(-3) ok
3.5 &+ 2.1(-7) *k
<7(-7)
2.4(-7) 2.0-2.7(-7)
5.0 + 1.0(-7) sk
<2$-7; |
<4(-8
2.25-6) 1.5-2.6(-6)
3.8(-7) 3.6-3.9(-7)
4.3 + 0.1(-7) *k
<2(-7)

During Refueling:

Sample:

07:30; 10/14/76
Activity

{HCi(mIQ

6.4 + 0.3(-7)
<4(-7)
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TABLE 3.12 (cont'd)

RADIONUCLIDE CONCENTRATIONS IN MONITOR TANKS

Nuclide
Other Nuclides:

GQSr
305y
91Y
35Zr
95Nb
99M°
103Ru

110mag

124gh
luoea
IQOLa
k1Ce
1“3Ce
lh“ce

1“7pm
187”

239Np

Before Refueling
Samples: 13:25; 8/24/76
15:15; 8/24/76
08:17; 9/1/76
Mean Range

(uCi/m1) ~(uCi /m'I)

(cont'd)
3 0t 1.0(-8) *ek

0.4(-6) 4w

*

: Analysis not done for this radionuclide.
: One measurement, only, for this radionuclide.

After Refueling:
Samples: 09:30; 2/10/77
08:14; 2/14/77
08:49; 2/19/77
Mean Range

(uCi/m1) (pCi/ml)

1. 7 t 1.6(~8) Kk
<2$
<2(-
<2( 7)
<6(-7)

.9 2 ¢ 4,0(-7) *okek

*** Detected in one measurement, only, for this radionuclide.

During Refueling:

Sample:

07:30; 10/14/76

Activit
5201[m1;




TABLE 3.13 |
VENTILATION AIRBORNE ACTIVITIES (uCi/sec)

' bp

“Sample Period One ~ Sample Period Two
Pipe Letdown Heat Pipe Letdown Heat
Penetration Exchanger Sample Penetration Exchanger Sample
Sample Room Room Station #1 Room Room Station #1
Period 2/3 - 2/10/77 2/3 - 2/11/77 2/3 - 2/10/77 2/10 - 2/11/77 2/11 - 2/17/77 2/10 - 2/11/77
1311 7.9 + 0.8(-6) 6.8  0.4(-6) 1.76 + 0.07(-4) 1.4 + 0.6(-6) 3.0 + 0.5(-6) 1.9 + 0.1(-4)
134¢g <1.2$-7 1.0 + 0. 4( 7) <2.4§-6) <1.3$-6§ <1.3(-7) <8,3(-6)
136Cs <9.9(-8 <1. 4( 7) ¢ <1.6(-6) <2.6(-7 <9.9(-8) <1.5(-6)
137¢s <1.2(-7) 2.7 + 0.5(-7) 2.6 + 0.7(-6) <1.2(-6) <3.2(-7) <1.7(-6)
3H * * [A] * * [A]

S1cp <9, 92 -7 <1.4(-6 <2.4$-5; <4.6(-6) <7.0§-7) <5.2(-6)
54Mn <9.9(-8 <1.4(-7 <1.6(-6 <4.2$-7) <1.3(-7) <6.8$-7)
59Fe <9.9(-7 <3.5(-7 5.0 + 2,0(-6) <7.5(-6) <3.0(-7) <3.0(-5)
57Co <1.6(- 7; <3.5(-8) <7.2$-7; <3.0$-7; <6.4$-83 . <1.4$-7§
58Co <9 9 8 2.5 + 0.6(-7) <1.6(-6 <3.2(-7 <2.0(-7 <2.4(-6
60Co + 0.2(-6) 2.7 + 0.6(-7) 6.0 + 2.0(-6) <5.0$-7; <1.3(-7) <1.1$-6)
65Zn <7 9( 7) <2.8(-7) <8.0(-6) <5.2(-6 <2.0(-7) <2.1(~5)
95Zp <2.0(- 7; <2.8§-7 <3.2é-6; <3.4€-7) <1.3§-7) <1.3(-5)
95Nb <9.9(-8 <1.4(-7 <1.6(-6) <2.0(-7 <1.3(-7 <7.9(-7)
103py <1.2(-7 <1.4§-7 <1.6 -6; <3.0(-7 <1.2§-7 <1.0§-6;
106Ry <1.2(-6 <1.4(-6 <1.6(-5 <1.1(-6 <1.3(-6 <1.3(-5
110mAg <1.2(-7 <1.4(-7 <1.6 -6; <2.8(-6 <2.5$-7; ' <1.2$-5;

124 g} <1.2(-7 <1.4(-7 <1.6(-6 <7.3(-7 <1.4(-7 <1.4(-6
125gh <4.0(-7 <2.8(-7 <4.0(-6) <5.2(-7 <2.8(-7) <2.4(-6)
140Ba <5.9(-~7 <3.5(-7 <5.6(-6 <5.7(-7 <4.8(-7 <2.6§-6)
140) 3 <5.9(~7 <5.7(-7 <1.6(-5 <5.0(-5 <1.3(-5 <1.7 -5;
141Ce <4,0(~ <6.4(-8 <1.6(~6 <8.7(-7 <2.5(-7 <7.9(-7
152py <4.0(- ; <4.2(-7 <7.2(-6) <1.52-6 <3.2(-7) <4.9(-6)
154gy <1.2(~ <4.2(-7) <1.6(-5) <8.3(-6) <3.3(-7) <3.3(~5)

*  Not Measured
[A] SAMPLE STATION #1; *C-3H Shutdown due to electrical circuit overload.




‘TABLE 3.14
VENTILATION 1311 AIRBORNE ACTIVITIES (uCi/sec)

0s

Date Waste Evaporator Room Sampling Station #4 Sampling Station #2
9/3 - 9/9/76 1.63 + 0.01 -4; <4.,5(-6) 6.13 + 0.06&-4&
9/9 - 9/15/76 4.70 + 0.05(-5 1.6 + 0.1(-4) 1.92 + 0.06(-4
9/15 ~ 9/23/76 4.80 + 0.04(-5 8.4 + 0,7(-5) 6.0 ¢ 0.22-4;[A]
9/23 - 9/30/76 1.92 + 0.03(-5 <3.2(-6) ' 8.3 + 0.4(-5
9/30 - 10/7/76 1.55 + 0.03(-5 2.1 + 0.4(-3 1.43 + 0.012-3;
10/7 - 10/14/76 1.91 + 0.02(-5 2.3 +0.1(-8) - 3.80 + 0.02(-4
10/14 - 10/22/76 3.21 + 0.06(-5 7.3 + 0.7(~5 3.4 + 0.3(-4
10/22 - 10/28/76 4,37 + 0.07(-5)[B] 7.6 + 0.6(-5 1.66 + 0.01(-4)
10/28 - 11/4/76 [c] 7.8 + 0.72-5) 1.57 + 0.015-4;
11/4 - 11/10/76 1.51 + 0.04(<5) 8.0 + 1.0(-5) 5.27 + 0.04(-5
11/11 - 11/23/76 1.22 + 0.01(-5) 8.0 + 1.05-5) 6.47 + 0.045-5)
11/23 - 11/30/76 6.0 + 0.1(-6) 8.0 + 0.6(-5) . 1.75 + 0.01(-3)
11/30 - 12/15/76 6.0 + 2.0(-6) 1.8 + 0.25-4) 1.06 + 0.09(-4)[D]
12/15/76 - 1/6/77 8.0 + 2.0(-7) 7.8 + 0.5(-5) 6.6 + 0.4(-5)
1/6 - 1/20/77 <1.1(-7) 6.5 + 0.7(-5) 5.0 + 0.4(-5;
1/20 - 2/3/77 2.5 + 0.4(-6) 2.3 + 0.1(-4) 1.8 + 0.2(-4
2/3 - 2/16/77 1.03 + 0.07(-6) 5.0 + 2.0(-6) 2.1 + 0,2(-5)

[A] Sample from 9/15 - 9/18/76.

[B] Sample from 10/22 - 10/27/76.

[C] No sample due to sampler motor malfunction.
[p] Sample from 12/1 - 12/15/76.




It should be pointed out that -the total releases from the waste
evaporator room and sample station 4 were at times greater than the release
rate of station 2. This is attributed to the before mentioned indeter-
minate errors (estimated to be 20% overall) associated with varying duct
flows.

3.6 Gaseous Iodine Species

3.6.1 Auxiliary Building Ventilation Iodine Species

The iodine species distribution in the Auxiliary Building
ventilation air was variable (Tables A.42-A.44 in Appendix). The average
percent values are shown in Table 3.15 along with their ranges. The
useful Iness of averaging these data is questionable when the wide range
of values are considered. Furthermore, there is no obvious relationship
between species and the environment in which the measurements were
conducted, i.e., high temperature and humidity of the waste evaporator
room versus lower humidity and temperature of sampling system 2 components.

3.6.2 MWaste Gas Processing System-Chemical Species of Radioiodine

In the waste gas processing system (i.e., waste gas decay
tanks and various cover gases), the predominate iodine species was found
to be organic iodine. One explanation for this is that the radiation
fields in these gas volumes were high and could cause the formation of
free radicals. Any organic free radical, from hydrocarbon impurities in
the gas, could form organic iodine. Secondly, elemental iodine has a
. much greater tendency to plate out on surfaces than does organic iodine.
The remaining species in the gas phase would therefore be enriched in
organic iodine. This latter phenomenon causes the observation that the
older a sample containing gaseous iodine is, the more likely it is to be
highly organic. As shown in Table A.46, when the short-lived iodine-135
nuclide was observed, iodine was less converted to organic iodine than
when 1351 was not observed.

3.7 Liquid Waste Flow Rates

At Fort Calhoun, information concerning specific sources of liquid
radwaste flow was not collected by plant personnel. However, there were
data from the auxiliary building operator's log which presented liquid
radwaste tank levels on a bi-hourly basis. From the log, average daily
flow rates into the tanks were calculated for the three in-plant measure-
ment periods. Table 3.16 presents the average flow rates into the liquid
radwaste tanks together with the source of radwaste liquids for each tank.
Graphs of liquid radwaste tank levels are presented in the Appendix
(Figures A.17, A.18, A.19, A.20, A.21, and A.22).

3.8 Detergent Wastes

At Fort Calhoun, detergent wastes are collected in the hotel waste
tanks. Table 3.16 presents the average daily flow rates for the hotel
waste tanks. The radionuclide concentrations in the hotel waste tanks
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TABLE 3.15
AVERAGE FRACTIONAL PERCENTAGE FOR 1311 SPECIES

Particulate Filter I, Hol Organic
Number Average Range Average Range Average Range - Average Range
Station of Samples (%) (2) (%) (;%g (B (%? 3] (%)
#2 17 6.6 (0-25.0)  33.3 (6.6-61.3) 15.9 (1.1-41.9) 44.4 (23.3-68;2),
Waste Evaporator 15 12.1 (0-33.5) 38.7 (1.2-75.0) 17.5 (0-80.2) 31.6 (8.1-56.0)




€S

TABLE 3.16

LIQUID WASTE FLOW RATES
Into Radwaste Tanks

Flow Rates (Gal/day)

Before During After
: Refueling Refueling Refueling
Tank Source of Liquid* 8/2/-9/3/76 10/1-16/76 1/31-2/25/77

Reactor Coolant Reactor Coolant Leakage ok 250 500
Drain Tank Fuel Pool Drains
Waste Holdup Reactor Coolant Drain Tank 2500 6800 690
Tanks Aux. Bld. Equip. Drains

CVCS Bleed

VCT Relief and Drains
Spent Regenerant Aux. B1ld. Floor Drains 3800 2400 2500
Tanks Secondary Side Drains

Spent Resin Sluice Water

Deborating Demins

Containment Sump
Hotel Waste Tanks Laundry Drains 1100 2500 570

Shower and Hand Sink Drains ' ‘
Monitor Tanks - Evaporator Condensate 7000 4600 3600

Hotel Tanks

* . See Liquid Radwaste Schematics, Figure 2.2 and 2.3.

** : Information not c011ected._.




are presented in Table 3.11. Liquid radwastes from equipment, drum, and
cask decontaminations fed into the drain headers in the auxiliary building
and were collected by the spent regenerant tanks.

3.9 Chemical Wastes from Regeneration of Condensate Demineralizers

There are no demineralizers in the secondary system for processing
the condensate. The steam generator blowdown waters are normally released
to the discharge pipe without treatment. Also, the normal.practice was
to dispose of all demineralizer spent resins as radioactive solid waste.

3.10 Containment Purge Frequency

The containment purge frequency at Fort Calhoun via high volume
purging and venting is 37 times annually; however, the approved plant
procedures for containment purge releases do not differentiate between
containment purging and containment venting. (8)

3.11 Containment Internal Cleanup System

Due to limitéd access to the containment building, measurements
were not made for evaluation of the containment cleanup system.

In the Fort Calhoun containment building there are two banks of
charcoal adsorbers with associated HEPA filters. The design flow through
each unit is 90,000 cubic feet per minute which results in 5.4 containment
volume changes per hour. These units were operated prior to entry
into containment of maintenance personnel and/or when high volume purges
were done.

3.12 Gaseous Leakage Rate to Containment Building

Two samples (Table A.51) of the containment building
atmosphere were obtained. One was taken during the refueling outage
(Oct. 1976) approximately 10 days after purging of the containment atmos-
phere. The second was collected during power operations in February, 1977.
The former was taken from a plant installed containment penetration
used for pressure testing of the containment building. The latter
sample was taken inside the containment structure, consequently, it
is the more representative sample. During October, the measurement
utilized only an iodine species sampler, while during February an iodine
species and 14C and 3H samplers were used. The additional tritium data
available for the February measurement allowed the leakage rate to be
calculated on the basis of both iodine and tritium.

The results were calculated using the following formulas (3):

(1) €, x Ve xK=T

g (o

_TgXD'

(2) Tc " In 2

54



(3) D' x 100% =D xcz»xvaz

where:
Cg = Airborne concentration of nuclide in containment - uCi/cc
Vc = Free volume of containment - ft3
K = Conversion factor = 2.83 X 10% cc/ft3
Tc = Total activity iﬁ containment atmosphere - uCi
T% = Half-1ife of nuclide - days
D' = Leakage - uCi/day
cE = Concentration of nuclide in primary coolant - Ci/cc
V2 = VOIume of primary coolant - ft3
D = Percent of nutlide inventory in primary coolant release per day.

Iodine-131 data from the October measurement indicate a daily
Jeakage rate of the iodine inventory in the reactor coolant to the
containment atmosphere of 1.6 X 10°“%/day. Leakage rates calculated
using 1311 and 133 data from the February measurement averaged
1.35 X 10-%/day. The corresponding leakage rate based on tritium (HTO)
was 2.5 X 10-7%/day. The higher leakage rate for the October sample
was based on data taken after the reactor had been down for refueling
for several days and the containment was secured and was in the process
of being pressure tested. Therefore, the mechanism for release of
iodine into the containment atmosphere could be drastically different
than during the February measurement period when the reactor was at
full power.

Data from two other pressurized water reactors (6) indicate a
containment leakage rate of 0.001%/day. The best estimate of the present
work for leakage into the containment building is on the order of
1 X 10°° %/day.
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3.13 Auxiliary Building Gaseous Leakage

Leakage of primary coolant contributing to the source term of
the auxiliary building was calculated for both 1311 and tritium
(both oxidized and nonoxidized species). One set of gaseous 1311 and
tritium values used for the calculations was taken from ventilation
sampling stations 1, 2 and 3 for the sampling interval 9/3-9/9/76
(Tables A.35-A.37). -

A second set of gaseous 1311 and tritium values was taken from
the same ventilation sampling stations for the period 1/6-1£20/77
(Tables A.35-A.37 in the Appendix). Ventilation stations 1, 2, and 3
account for 80 percent of the total auxiliary building ventilation
exhaust flow and in excess of 80 percent of the total activity exhausting
the auxiliary building. Consequently, the calculated numbers could under-
estimate the actual leakage by as much as 10 percent. The basis for the
latter statement is that approximately one half of the balance of the
flow comes from an area outside the personnel monitoring control point,
and has a lower activity. This can be seen from Figure 2.4 and Table 2.3
plus Figures A.28 and A.29 in the Appendix.

Results calculated using 1311 and 3H values from the first set of
data indicate primary coolant leakage rates of 570 1bs/day and 36 1bs/day,
respectively. The 1311 and 3H data obtained in February yield leakage
rates of 85 1bs/day and 77 1bs/day, respectively. In the iodine
calculations an iodine partition factor of 0.0075 (5% volatile iodine
in primary coolant with a partition coefficient of 0.15 (6))was used. A
partition factor of 1.0 was used for tritium. The formulas used in the
calculations were:

11) C_x 60 sec/min x 1440 min/day = M

)
() ¢ T g
where:
Cg = airborne nuclide activity per time - yuCi/sec
M = activity per day - uCi/day
C, = nuclide activity per unit mass - yCi/g
P = nuclide partition factor - dimensionless
L = primary coolant leakage fate - 1bs/day.

The 131 value from the first set of data is obviously inconsistent
with the other three data results. An explanation of this inconsistency
is the unpredictive chemical behavior of iodine, i.e., partition coefficient.
Therefore, it is believed that tritium yields a more valid estimate of the
primary coolant leakage rate into the auxiliary building.
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3.14 Particulate Releases for Gaseous Effluents

- 3.14.1 Containment Building Radioactive Particulate Releases
for Gaseous Effiuents

Table 3.17 shows the extrapolated annual radioactive
particulate releases for gaseous effluents from the containment
structure.

The containment building calculations are based on information stated
earlier, i.e., 37 high volume purges annually with ventings being treated
as high volume purges. Furthermore, it was assumed that duration of a
high volume purge is long enough to reduce the activity to an insignificant
level. A DF of 70 (see Sect. 3.18) was used for the containment building
exhaust filters. The containment free volume is 1.05 million cubic feet.
The data (Table A.51) were handled as shown below:

’ ] 1076Ci _
(]) CCXVAXTD'FTX uC'i -RA

(2) ¢, x P x %%f%—%%}% x 28320 cc/ft3 = V,
where
Cc = nuclide particulate concentration - yCi/cc
VA = total volume of containment atmosphere released - cc/year
(DF) = decontamination factor
RA = nuclide released - Ci/year
€, = containment free volume - ftd
Pf = purging frequency - year !

3.14.2 Auxiliary Building Particulate Releases for Gaseous Effluents

Table 3.18 presents the extrapolated annual radioactive
particulate releases for gaseous effluents for the auxiliary building.
The data used in the calculations were obtained from sampling stations
1, 2 and 3 (Tables A.35-A.37). For each station, only positive
values, {(i.e., no lower_detection l1imts) were used to oBtaIn an average
uCi/sec release rate. The average release rate was multiplied by the
number of seconds per year (3.15 (+72 seconds) to obtain an annual release
rate before filtration. A DF of 70 (see Section 3.18) was used to obtain
the values in Table 3.18.
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TABLE . 3.17

EXTRAPOLATED ANNUAL CONTAINMENT BUILDING PARTICULATE
RELEASES FOR GASEOUS EFFLUENTS

Nuclide Ci/zear[A]
134¢s 4.6(-8)
137¢s 5.8(-8)
>8Co 8.0(-10)
®%¢co 5.4(-10)
>%Mn - 2.0(-10)
59Fe *
* - Not observed.

[A] A DF .of 70 was assumed for HEPA filters.

TABLE 3.18

EXTRAPOLATED ANNUAL AUXILIARY BUILDING PARTICULATE
RELEASES FOR GASEOUS EFFLUENTS

Average Rglease Rate Extrapolated (Al
Sum of Stations 1, 2, 3 Annual Releases

Nuclide (uCi/sec) (Ci/year)

134Cg 5.1(-5) 2.3(-5)

137¢s 5.8(-5)  2.6(-5)

58Co 6.5(-5) 2.9(-5)

60Co 8.6(-6) 3.9(-6)

StMn *

59Fa *

* - Not observed.

[A] A DF of 70 was assumed for HEPA filters.
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3.14.3 Gas Decay Tank Radioactive Particulate Releases for
Gaseous Effluents

Table 3.19 shows the extrapolated annual radioactive
releases via the waste gas processing system. The releases via this
pathway were calculated for 36 waste gas decay tank releases per year at
a maximum achievable discharge pressure of 86 psig and a minimum initial
pressure of 10 psig in the gas decay tanks (8). The decay tank volumes
are 400 cubic feet. The data in Table 3.19 do not assume a DF for any
filter system. The calculations are based on a sample collected from waste
gas decay tank "A" on 10/13/76. The tank had been isolated for decay on
10/4/76. The partlculate radionuc11des observed and their c?ncentrations
were 5%Fe(1.1 X 107°), 60Co(2.3 X 107°), and !34Cs(7.2 X 107 !%) microcuries
per cubic centimeter. The formula used in-the waste gas release calculations

was:

x 100.7 _ 28320 cc

X x 1078 ci/uci

Rug = Cr X Ty X Rg X 377 ft
where:
CT = nuclide particulate concentratipn in tank - uCi/cc
T, = tank volume - ft3
Re = release frequency - year~1
RHG =- annual nuclide release - Ci/year
TABLE 3.19
EXTRAPOLATED ANNUAL WASTE GAS DECAY TANK PARTICULATE
RELEASES FOR GASEOUS EFFLUENTS
Nuclide Ci/xear[A]
13uc¢ 1:2(-6)
137¢¢ x
580 3.8(-6)
6004 x
e 1.8(-6)
* - Not observed.

[A] Assumes no DF for any filters.-
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3.15 Tritium and Carbon-14 Releases

3.15.1 Liquid Tritium Releases

' As indicated in Figures 2.2 and 2.3, except for the steam
generator blowdown waters, all liquid radwastes including secondary side
drains at Fort Calhoun were released via the monitor tanks. Using the
data from Tables 3.12 and 3.16, the mean liquid tritium releases from
the monitor tanks were estimated to be 9.8(-2) Ci/day before refueling
and 7.2(-2) Ci/day after refueling which averages to 8.5(-2) Ci/day.
Using the data from Table 3.5 plus Sections 3.3 and 3.4.2, the mean
liquid tritium releases by the steam generator blowdowns were estimated
to be 2.1(-3) Ci/day. This sums to 8.7(-2) Ci/day which translates

to 3.2(1) Ci/year for the liquid tritium releases.

3.15.2 Liquid Carbon-14 Releases

. At the Fort Calhoun Station, all liquid radwastes except
for steam generator blowdown waters, were released via the monitor tanks.
Using the data from Table 3.16 and the Appendix (Tables A.2 and A.26), the
mean liquid 1%C releases were estimated to be 6.9(-6) Ci/day before
refueling and 4.8(-6) Ci/day after refueling. This averages to 5.9(-6)
Ci/day which translates to 2.2(-3) Ci/year of liquid carbon-14 releases.
The method used for analyzing these samples measured only inorganic 1%C
(CO2), therefore, the results are potentially biased low by the degree
that the sample contained any organic 1%C.

3.15.3 Containment Building Gaseous Tritium and Carbon-14 Releases

The tritium and !“C release calculation was handled in the
same manner as described for particulate releases, i.e., same volumes,
purging frequencies, and pressures. Data were taken from Table A.51.
Both oxidized and nonoxidized chemical species were used in the tritium
analysis. However, due to a sample analysis problem, only the oxidized
14C species was used. Consequently, the 1*C containment building
releases could be as much as a factor of 10 higher. The results of the
calculations are shown in Table 3.20.

3.15.4 Auxiliary Building Gaseous Tritium and Carbon-14 Releases

The annual tritium and 1“C release (both oxidized and non-
oxidized species) via the vapor pathway from the auxiliary building
ventilation system are given in Table 3.20. The data were obtained by
sampling stations 1, 2, and 3 (Tables A.35-A.37). It should be noted
that sampling station 2 includes the fuel pool area. Consequently,
the calculated releases include those related to fuel movement during
the refueling outage. The average total release from sampling stations
1, 2 and 3 were multiplied by the number of seconds in a year
(3.15 (+7) seconds) to obtain an annual release rate.
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TABLE 3.20
EXTRAPOLATED ANNUAL RELEASES OF GASEOUS TRITIUM AND CARBON-14

Ci/year
Containment Auxiliary _
Building Building Waste Gas Processing System
3H 5.9(-2) 0.9 0.65

14 7.8(-2)A 0.3 0.81

A Oxidized species only
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3.15.5 Gas Decay Tank Tritium and Carbon-14 Gaseous Réleases

Both oxidized and nonoxidized chemical forms of tritium
and 14C were included in the waste gas decay tank annual release
calculations. The annual releases presented in Table 3.20) are based
.on average concentrations in the decay tanks (Tables A.49 and A.50 of
Appendix). The “"less than" (lower detection limit) value for tritium in
Table A.50 was not included.

The results were obtained in the same manner as described in Section
3.14.3 above, i.e., the same release frequencies, volumes, and pressures.

3.16 Decontamination Factors for Demineralizers

At Fort Calhoun the demineralizers present in the Viquid process
systems were the purification, cation, .and deborating demineralizers
of the CVCS and the waste or polishing demineralizers which were a side
stream in the recirculation line for the monitor tanks. Normal plant
operating practice was not to use the waste demineralizers, which was
continued during the in-plant measurements. According to station personnel,
the waste disposal problems associated with the spent resins from the
waste demineralizers {(i.e., manual removal of the resins) override the
usefulness of processing the liquid radwastes from the monitor tanks
through the waste demineralizers. This was particularly true since the
activity in the monitor tanks was well within the release limits for the
station.

The purification demineralizers in the CVCS letdown stream are of
the mixed bed type. Table 3.21 presents the input activities and the
decontamination factors (DF's) measured for several radionuclides during
the August, 1976 (before refueling) and February, 1977 (after refueling)
measurement periods. In a case where the input activity contained two
components (dissolved and suspended activities), the two components
were added and the one standard deviation counting statistics errors were
propagated. If one component was not measurable (i.e., only a lower limit
of detection was obtained), the quoted input activity contains only the
measurable concentration. The error was adjusted to reflect the fact that a
second component (of unknown magnitude and possibly as large as the lower
limit of detection) could exist by propagating the error in the measurable
concentration together with an error equal to one-half the lower limit of
detection (lower limit of detection values are at the two sigma level
of counting statistics). The data used to calculate the DF's are presented
in Tables A.8, A.9, and A.12. Also presented in Table 3.21 are when the
demineralizer was placed in service, how long it was in use, and bed volumes
passed through before measurement, together with the letdown flow rate,
demineralizer pressure drop, and reactor coolant boron level at the time of
measurement. These parameters were extracted from Figures A.5, A.6, A.7,
A.8, A.9, and A.10. -

For the purification demineralizers, the DF's are defined as the
ratios of the input to the output radionuclide concentrations. The errors
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TABLE 3.21
DECONTAMINATION FACTORS
CVCS PURIFICATION DEMINERALIZER

Demineralizer CH-8B Demineralizer CH-8B Demineralizer CH-8A
10:57; 8/20/76 10:00; 8/30/76 : 10:20; 2/16/77
Placed in Service: 3/24/76 Placed in Service: 3/24/76 Placed in Service: 1/13/77
Used for: 93 days Used for: 103 days Used for: 34 days
Bed Volumes Thru: 3.1(4) Bed Volumes Thru: 3.5(4) Bed Volumes Thru: 1.1(4)
Letdown Flow Rate:28.6 gpm,4.2 gpm/ft2 Letdown Flow Rate:27.4 gpm,4.0 gpm/ft2 Letdown Flow Rate:30.6gpm,4.5 qpm/ft2
Demin Pressure: 1.8 psi Demin Pressure: 2.0 psi Demin Pressure: 1.4 psi
Reactor Coolant Boron: 112 ppm Reactor Coolant Boron: 58 ppm Reactor Coolant Boron: 449 ppm
Input Input Input
Activit Decontamination Activity Decontamination Activity Decontamination
Nuclide (uCi/ml Factor (uCi/ml) Factor (uCi/ml) Factor
Activation:

o 2%Na 3.4 + 0.2(-3) 13. + 11. 2.2 + 0.5(-3) 6.1 £ 2.6 1.84 + 0.05(-2) 59, &+ 12,

W SiMnp 6.3 + 0.3(-4) 1.4 + 01 5.2 + 0.4(-4) 22. £ 51. 1.8 + 0.3(-4) 14, +°4,
58Co 3.44 + 0.06(-3) 8.6 + 0.3 2.05 + 0.09(-3) >49, 1.87 + 0.04(-3) 10.1 £ 0.3
60Co 6.3 + 1.9(-5) 2.6 + 0.9 8.7 + 3.1(~5) 2.9+ 2.4 2.6 + 15.0(-5) 0.9 +5.1

Iodines:

1311 2.41 + 0.02(-1) 13. = 1. 2.40 + 0.02(-1) 20, + 1, 9.0 + 0.1(-2) 1730. + 1460
1321 7.1 + 0.1(-2) 14, + 3. 1.01 £+ 0 01§-1g 81. + N 5.0 + 0.2(-2) >16.

133] 1.20 + 0.01(-1) 16. = 1. 2.59 + 0.02(-1 25. + 1, 1.04 + 0.02(-1) >170.

1351 7.3 £ 0.2(-2) 7.4 £ 1.8 1.30 + 0.04(-1) >12. 6.9 + 0.2(-2) >23.
Other Fission Products:

88Rb 4.9 + 0.2(-1) 2.7 + 1.1 9.5 + 0.6(-1) 2.6 £+ 1.0 7.2 + 0.4(-1) 2.3 +0.2
134Cg 1.54 + 0.01(-2) 13. + 1. 1.37 + 0.06(-3) 3.8 £+ 0.3 1.91 + 0.02(-1) 61.6 + 0.9
136Cg 4,10 = 0.09%-3) 14, £ 1, 6.2 + 1.5(-4) 5.2 + 1.5 1.4 + 0.5(~4) 10. + 4,
137Cg 1.56 + 0.01(-2) 13. + 1. 1.46 + 0.04(-3) 3.8 +0.3 2.20 + 0.02(~1) 58.0 0.6
138Cg 2.9 + 0,1(-1) 29. + 41, 5.6 + 0.2(-1) 1. £ 5. 2.2 + 0.1(-1) >110.
14083 9.0 + 1.7(-4; 5.3 + 1.4 <3(-4) <2(-2)

1401 4 2.6 + 0.2(-3 1.3 £+ 0.2 1.3 + 0.5(-3) >8 2.7 £ 2.2(-2) >140.




on the DF's are the propagation of the one standard deviation counting
statistics errors on the measured radionuclide concentrations for the

input and output. An additional propagated error of 14 percent should

‘be added to the stated errors in the DF's to account for other uncertainties
(e.g., uncertainties in calibration, decay correction, volume measurement,
random summing correction). Sampling uncertainties are unknown and
therefore cannot be estimated. When a DF is expressed as a "greater than"
number this means that the radionuclide was measurable in the demineralizer
input but not in the output and the output lower 1imit of detection and
input values have been used to calculate the DF.

Except for 88Rb, the measured decontamination factors were higher
for demineralizer CH-8A in February, 1977 than for demineralizer CH-8B
in August, 1976. The fact that demineralizer CH-8A was newer {used for
only 34 days and 1.1(4) bed volumes) than demineralizer CH-8B (used for
93-103 days and 3.1(4)-3.5(4) bed volumes) may account for the higher
decontamination factor.

3.17 Decontamination Factors for Liquid Stream Filters

At Fort Calthoun there were liquid stream filters in the CVCS
letdown stream, purification filters (CH-17A and B), and in the
radwaste process stream, waste filters (WD-17A and B). Sample points
were available for investigating the purification filters but not the
waste filters. (Table 2.1 presents the physical information on the
purification filters.) Table 3.22 presents the radionuclide decontam-
ination factors (DF's) for the purification filters measured before
refueling (August, 1976) and after refueling (February, 1977). The
data used to calculate the DF's in Table 3.22 are found in Tabies A.8,
A.9, and A.12 of the Appendix. Also presented in Table 3.22 are the
letdown flow rates, filter pressure drops, and reactor coolant boron
levels at the time of measurement. These parameters were extracted from
Figures A.6, A.7, A.8, A.9, and A.10 of the Appendix. For the purification
filters, the DF's are defined as the ratios of the input to the output
radionuclide concentrations. The errors shown were obtained in the same
manner as discussed in Section 3.16.

As shown in Table 3.22, there is a large variability in the measured
decontamination factors for all the radionuclides except 88Rb which has
a measured DF of about 1.U. For the measurement of 2/16/77, many of
the radionuclides had a DF of less than one which means that radioactivity
was being eluted from the filter by the letdown stream. The purification
filters are designed to trap loose ‘resin beads from the demineralizers
and are not intended for radioactive clean-up, so the lack of consistent
DF's is not surprising.

64



TABLE 3.22

DECONTAMINATION FACTORS
CVCS PURIFICATION FILTERS

59

Filter CH-17B

10:57; 8/20/76
Letdown Flow Rate: 28.6 gpm
Filter Pressure: 1.0 psi
Reactor Coolant Boron: 112 ppm

Filter CH-178

10:00; 8/30/76
Letdown Flow Rate: 27.4 gpm
Filter Pressure: 0.5 psi
Reactor Coolant Boron: 58 ppm

Filter CH-17A

10:20% 2/16/77
Letdown Flow Rate: 30.6 gpm
Filter Pressure: 1.0 psi
Reactor Coolant Boron: 449 ppm

Input Input Input
Activity Decontamination Activit Decontamination Activity Decontamination

Nuclide (pCi/mi) Factor (pCi/m Factor {pCi/ml) Factor
Activation:

24Na 2.6 + 2.1(-4) >2.6 3.6 1.3{-4) >3.6 3.1 + 0.6(-4) 0.22 + 0.05
54Mn 4.5 + 0.1(-4) 14, + 8. 2.4 + 5.5(-5) 1.6 + 5.4 1.3 + 0.3(-5) 0.72 + 0.17
58Co 4.0 + 0.1é44; >19. <4(-5) 1.85 + 0.04(-4§ 3.4 + 0.3
60Co 2.4 + 0.4(-5 11. £ 4, 3.0 + 1,5(-5) 0.75 + 0.53 2.97 + 0.07(-5 7.4 + 0.9
Todine:

1311 1.92 + 0.03(-2) 450. +270. 1.18 + 0.02(-2) B9, + 6 5.2 + 4,4(-5) 0.0080 + 0.0068
Other Fission Products:

88Rb 1.8 + 0.7(-1) 1.2 + 0.6 3.7 + 1.4(-1) 1.2 +£1.5 3.2 £ 0.2(-1) 0.97 + 0.08
134Cg 1.21 + 0.02(-3) 30. + 8. 3.6 + 0.2(-4) 3.8+ 2.2 3.10 + 0.03(-3) 0.190 + 0.002
136Cg 2.9 + 0.2(-4) >13 1.2 + 0.2 -4g 20 + 40 1.4 + 0.2(-5) 0.58 + 0.13
137¢g 1.21 + 0.02(-3) 12. £ 5. 3.8+ 0.3(-4 4.1 + 0.8 3.79 + 0.02(-3) 0.201 + 0.002
138Cg 1.0 + 1.4(-2) 0.5 + 0.7 5.0 + 2.2(-2) 1.7 + 6.8 <2(-3)




' 3.18 Decontamination Factor for Charcoal Adsorbers and HEPA Filters

It was not possible to install samples up and downstream of the
fuel handling area charcoal adsorber because of the physical arrangement
of the ventilation ducts. For this reason, no measurements were made
of the DF of the charcoal adsorbers. A direct measurement of the DF
of the auxiliary building HEPA exhaust filters was not possible because
samplers could not be installed in valid sampling locat1ons downstream
of these filters.

A 137Cs DF was calculated for the HEPA filters (installed new April,
1976) using the measurements of this work in conjunction with plant
particulate release data for the fourth quarter of 1976 (8). The data
are presented in Table 3.23. Decontamination factors for other
radionuclides could not be calculated due to limited corresponding data.
The data in Table 3.23 yield a DF of 70.

In addition, the plant numbers include releases from the containment
and/or the waste gas releases. Consequently, a DF of 70 is somewhat
conservative as the containment and waste gas systems do not enter the
HEPA filters and are not measured as a part of the input value, but are
included as a part of the output value.

3.19 Decontamination Factors for quporqtors

At Fort Calhoun Station, the radwaste evaporator is used for
processing all liquid radwastes except detergent wastes or wastes from
the hotel waste tanks. Table 2.2 presents the design information for the
radwaste evaporator and Figure 2.3 presents a schematic diagram of the
feed and output streams for this evaporator. Operating practice
was to completely process a full radwaste collection tank with a constant
feed rate {(varying from 5 to 13 gpm, nominally 10 gpm). The concentrate
bottoms were removed in a batch process mode when the bottoms boron
concentration reached 8 to 10 percent. An anti-foaming agent (General
Electric Co., Type AF-72) and sodium thiosulfate were added to the waste
holdup and spent regenerant tanks just prior to processing the tank
liquids with the radwaste evaporator. The sodium thiosulfate was added
to keep the radioiodines in solution. For the waste holdup tanks, the
anti-foam agent was added to a level of 110 ppm while the sodium thiosulfate
was added to a level of 80 ppm. For the spent regenerant tanks, the anti-
foam agent was added to a level of 84 ppm while the sodium th1osu1fate
was added to a level of 22 ppm.

In October, 1976, the radwaste evaporator tube bundie was replaced
with a new bundle of the same design as the original one. The old tube
bundle had developed leaks such that the distillate water quality could
not be properly controlled. That is, the conductivity of the distillate
became high and uncontrollable (see Figure A.23). The conductivity
of the distillate is a measure of the carry-over of ions from the
feed and/or bottoms of an evaporator. If an evaporator is working
properly, only water vapor is transferred from the feed and/or bottoms
to the distillate. A malfunction of the evaporator occurs when
moisture droplets are carried over from the feed and/or bottoms to the
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TABLE 3.23
FOURTH QUARTER 1976 137Cs AUXILIARY BUILDING RELEASE DATA

Total of Sampling Stations[A]

Date - (1976) 1, 2, and 3 ({uCi/sec)
9/30 - 10/07 3.1(-5)
10/07 - 10/14 9.8(-5)
10/14 - 10/22 4.2(-5)
10/22 - 10/28 5.4(-5)
10/28 - 11/04 6.0(-5)
11/04 - 11/10 5.7(-5)
11/10 - 11/23 1.4(-5)
11/23 - 11/30 6.0(-5)
12/01 - 12/15 2.6(-5)
12/15 - 1/06 1.3(-4)

AVERAGE : 5.72(-5)

Plant Data (8):
137¢s: 6.29(-6) Curies per quarter
or: 6.29(-6) Ci/7.88(+6) secondst®l x 1(+6) nCi/ci
= 7.98(-7) uCi/sec.

{A] Tables: A.35, A.36 and A.37 in Appendix.

[B] 365 days/year x 0.25 years x 1440 min/day x 60 sec/min =
7.88(+6) sec.
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distillate. These moisture droplets contain ions or radioions and transport
these jons to the distillate. This results in a high conductivity of

the distillate and reduces the radionuclide clean-up properties of the
evaporator. As can be seen by comparing the distillate conductivity

data presented in Figures A.23 and A.26, the new tube bundle installed

in October, 1976 caused the radwaste evaporator at Fort Calhoun Station

to operate in a better manner as far as the distillate conductivity.

Measurements were made of the decontamination factor (DF) for the
radwaste evaporator with both the old and new tube bundle for several
different radionuclides. The evaporator DF was defined as the ratio
of the feed radionuclide concentration to the radionuclide concen-
tration of the distillate. The evaporator feed and distillate samples
along with a sample of the evaporator bottoms were taken at the
same time to provide a sample set for measurement of the DF. It is
realized that there was a finite time delay between when a particular
water molecuie of the feed stream reached the distillate stream because
of the evaporator operation. However, this time delay was not assessible
and the measurements made at Fort Calhoun on the radwaste evaporator
do provide the data on how well a radwaste evaporator operating in a
nuclear plant environment will remove radionuclides from liquid radwastes.

Table 3.24 presents the radionuclide feed concentrations and
decontamination factors (DF's) measured for three sample series taken
on the “"ol1d" tube bundle in August, 1976. The data for Table 3.24
can be found in Tables A.28, A.29, and A.30. Also presented in
Table 3.24 are the identity of the radwaste tank feeding the evaporator,
radwaste tank level, the evaporator feed rate, the evaporator bottom's
boron concentration, and the distillate conductivity at the time of
the measurements. These parameters were obtained from Figures A.17,
A.20, A.24 and A.25. No pH measurements were made on the feed liquid
to the radwaste evaporator. The errors shown were calculated in the
same way as discussed in Section 3.16.

From the measured DF's presented in Table 3.24, only the radio-
nuclides 5“Mn, 80Co, and 1311 have any indications of an increased DF
with increased feed concentration. The other radionuclides do not show
this. The observed DF for 58Co was the highest for the sample series
taken on 8/26/76. For this sample series, the spent regenerant tank WD-13A
was at a fairly low level (800 gal of a capacity of 6000 gal or about 1/8 full).
At Fort Calhoun, the activation or “crud" radionuclide (51Cr, 54Mn, 55Fe, 59Fe,
58Co, and 6%Co) with the highest activity level was 58Co. The larger DF for
58Co from the 8/26/76 sample series was probably due to a higher fraction of
suspended particulate 38Co material in the feed because of a lower tank
level than during the sample series. done on 8/25/76 and 8/31/76. The
uistillate conductivity for the sample series taken on 8/31/76 was higher,
indicating higher moisture and/or ion carry-over to the evaporator
distillate. The measured DF's for 58Co, 134Cs, and 137Cs were lower on
8/31/76 and reflect this higher moisture carry-over. However, the DF's
for 5%Mn, 60Co, and 131] were not lower on 8/31/76. These apparent
discrepancies in relating the DF's with distillate conductivity
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TABLE 3.24
EVAPORATOR DECONTAMINATION FACTORS
"01d" Tube Bundle - Auaust, 1976

Feed: Waste Ho]dup ND-4B
13:43; 8/25/76
Tank Level: 34,400 gal
Feed Rate: 7 gpm '
Bottoms Boron Conc: 4. 6%
Distillate Cond: 5.8 umho

Feed: Spent Regenerant WD-13A
09:28; 8/26/76
Tank Level: 800 gal
Feed Rate: 5 gpm
Bottoms Boron Conc: 5.5%
Distillate Cond: 3.4 umho

Feed: Spent Regenerant ¥D-13B
13:45; 8/31/76
Tank Level: 3330 gal
Feed Rate: 13 gpm
Bottoms Boron Conc: 6.5%
Distillate Cond: 8.2 umho

Feed Feed Feed
Activit Decontamination Activity Decontamination Activity Decontamination
Nuclide (pCi/m1). Factor (uCi/ml1) Factor (uCi/ml1) Factor
54Mn 8.0 + 1.2(-6) 26 + % 1.65 + 0.07(-5) 80 + 50 - 1.20 + 0.06(-4) 67 + 4
© 358Co 6.2 + 0.1(-5) 60 + 4 2.96 + 0.01(-4) 330 + 60 2.74 + 0.01(-4) 39 £
60Co 6.1 + 0.4(-6) 12 £ 1 2.3 + 0.1(-5) 40 + 10 6.74 + 0.06(-4) 630 + 40
1311 5.06 + 0.07(-3) 179 + 4 6.80 + 0.07(-3) 320 + 10 1.65 + 0.01(-2) 880 + 10
134Cg 1.78 + 0.08(-3) 1350 + 90 2.23 + 0.01(-3) 830 + 120 1.49 + 0.01(-3) 368 + 5
137¢s 1.86 + 0.06(-3) 2.57 + 0.02(-3) 950 + 180 1.49 + 0.01(-3) 313 +

1110 + 50




may be explained by the feed concentration levels, because higher

feed concentrations result in higher DF's. That is, for 54Mn, 60Co,

and 1311, the feed concentrations on 8/31/76 were up by a factor of 5

to 10 times over the levels on 8/25/76 and 8/26/76. This increased

feed activity level for S“Mn, 60Co, and 131] caused the measured DF's

to be higher even though the distillate conductivity was higher. The
feed concentrations for 60Co, 134Cs, and 137Cs were essentially the same
for all three sample series. Therefore, for 58Co, !34Cs, and 13Ts, the
variance in measured DF's with distillate conductivity were not
complicated by a simulataneous variance of feed concentration.

Table 3.25 presents the radionuclide feed concentrations and
decontamination factors (DF's) measured for three sample series taken
on the ‘"new” tube bundle in February, 1977. The data for Table
3.25 can be found in Tables A.32, A.33, and A.34. Also presented
in Table 3.25 are the identity of the radwaste tank feeding the )
evaporator, the radwaste tank level, the evaporator feed rate, the
evaporator bottom's boron concentration, and the distillate conductivity
at the time of the measurements. These parameters were extracted from
Figures A.22 and A.27. No pH measurements on the feed to the radwaste
evaporator were made. The errors on the DF's are the propagation
of the one standard deviation errors on the measured radionuclide
concentrations for the feed and distillate.

For the measurements on the "new" tube bundle, the distillate
conductivities were significantly lower than for the August, 1976
data on the "o01d" tube bundle (1.2-1.3 ymho for "new" and 3.4-8.2 umho
for "01d"). This lower distillate conductivity, which indicates less
moisture and/or ion carry-over for the "new" tube bundle, is why the DF's
were much higher for all radionuclides in February, 1977 than in August, 1976.

For the evaporator DF measurement series taken in February, 1977, a
spent regenerant tank (WD-13A) was followed from a 75% level down to a 55%
level while its contents were being processed through the radwaste evaporator
at a constant feed rate of 5 gpm. Since the evaporator feed for this
measurement series was from the same tank (WD-13A), the feed radionuclide
concentrations for the six isotopes (5Mn, 58Co, 60Co, 1311, 134Cs, and 137Cs)
did not vary significantly for the three sample sets (see Table A.32).
However, as is also shown in Table 3.25, the measured DF's for the cobalt
and cesium radionuclides increased with time that the tank WD-13A had
been feeding the evaporator. This indicates that the longer a constant feed
is fed to the radwaste evaporator, then an equilibrium condition is established
between evaporator feed, bottoms, and distillate, resulting in higher radio-
nuclide decontamination factors. Therefore, the evaporator DF measurements
taken at Fort Calhoun Station in August, 1976 and February, 1977
indicate that radwaste evaporator DF is a function of the radionuclide
feed concentration, distillate conductivity (i.e., moisture and/or ion
carry-over), and the length of time the evaporator processes a given and
constant feed stream. That is, the higher the feed radionuclide
concentration, the higher is the radionuclide DF. Also, the higher the
distillate conductivity, the lower is the DF while the longer a constant
feed stream is processed, the higher the DF becomes. '
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TABLE 3.25

EVAPORATOR DECONTAMINATION FACTORS

"New" Tube Bundle - February, 1977

10:25; 2/18/77
Tank Level: 4530 gal
Feed Rate: 5 gpm
Bottoms Boron Conc:

Feed:

6.4%

Spent Regenerant Tank WD-13A

13:45; 2/18/77
Tank Level: 3800 gal
Feed Rate: 5 gpm
Bottoms Boron Conc: 6.8%

15:55; 2/18/77
Tank Level: 3330
Feed Rate: 5 gpm

gal

Bottoms Boron Conc: 6.9%

Distillate Cond: 1.3 umho Distillate Cond: 1.2 umho Distillate Cond: 1.2 umho
Feed Feed Feed '
Activit Decontamination Activit Decontamination Activit Decontamination
Nuclide (uCi/ml Factor (pCi/ml Factor (uCi/ml Factor
StMn 3.37 + 0.07(-5) 1080 + 170 3.00 + 0.06(-5) 2260 + 440. 2.97 + 0.07(-5) 1800 + 290
58Co 5.92 + 0.05(-4) 750 + 10 5.56 + 0.07(-4) 1030 + 20 5.81 + 0.09(-4) 1310 + 30
60Co 2.86 + 0.08(-5) 330 £+ 20 2.5 + 0.2(-5) 460 + 40 2.53 + 0.08(-5) 490 + 30
1311 9.0 + 0.2(-4) 6770 + 340 1.13 + 0.01(-3) 5890 + 160 1.09 + 0.02(-3) 6470 + 330
134Cs 1.22 + 0.01(-3) 2980 + 100 1.31 + 0.02(-3) 3190 + 470 1.38 + 0.02(-3) 4440 + 140
137¢g 1.47 + 0.02(-3) 2870 + 180 1.54 + 0.02(-3) 2750 + 40 1.64 + 0,02(-3) 4210 + 180




3.

4.

REFERENCES

NUREG-0384, "Procedures, Source Term Measurement Program,”
N. C. Dyer, E. B. Nieschmidt, J. H. Keller, and B. G. Motes,
Idaho National Engineering Laboratory, EG&G Idaho, Allied
Chemical Company, National Technical Information Serv1ce,
Springfield, Virginia 22161, December, 1977.

ANCR-1113, “"Gauss VI, A Computer Program for the Automatic Batch
Analysis of Gamma-Ray Spectra from Ge(Li) Spectrometers," J. E. Cline,
M. H. Putnam, and R. G. Helmer, Aerojet Nuclear Company, National
Reactor Testing Station, Idaho Falls, Idaho 83401, June, 1973.

Final Safety Analysis Report and Supplements, Omaha Public Power
District, Fort Calhoun Station, Unit No. 1, AEC Docket No. 50-285,
1970-71.

“Results of Independent Measurements of Radioactivity in Process
Systems and Effiuents at BWRs," Dir. of Reg. Op., USAEC, May, 1973.

NUREG/CR-0068, "An Atmospheric 3H and 1*C Monitoring System,"
J. L. Thompson, S. W. Duce, and J. H. Keller, Idaho National
Engineering Laboratory, Allied Chemical Co., May, 1978.

NUREG-0017, "Calculation of Releases of Radioactive Materials in
Gaseous and Liquid Effluents from Pressurized Water Reactors
(PWR-GALE Code)," Office of Standards Development, U. S. Nuclear
Regulatory Commission, Washington, D. C. 20555, April, 1976.

N-237, "American National Standard, Source Term Specification"
ANS-18.1, ANSI N-237-1976, American Nuclear Soceity, 244 East
Ogden Avenue, Hinsdale, Illinois 60521, May, 1976.

Letters from T. P. Harding (OPPD)'tb N. C. Dyer (EG&G Idaho, Inc.)
dated November 2 and 3, 1977,

Fort Calhoun Unit #1. Evaluation of Fort Calhoun Station #1 1n
Accordance with T0CFR Part 50 Appendix I, June 1976.

72



APPENDIX

A.1 Introduction

The data for the in-plant measurement program at the Fort Calhoun
Station are presented in this Appendix. The data were collected over
a period of about 6.5 months from 8/15/76 through 2/24/77. During
this period Fort Calhoun was down for its second refueling from
10/1/76 through mid-December, 1976.

A.2 Reactor Power Level

The reactor power level for the period 8/15/76 through 10/3/76
is presented in Figure A.1. Figure A.2 presents the reactor power
level for the period 12/15/76 through 2/24/77. Noted on both Figures
A.1 and A.2 are the times when reactor coolant samples were taken at
Fort Calhoun Station.

A.3 Liquid Samples

Liquid measurements were made from 8/18/76 through 9/2/76 for the
end of an operating cycle prior to refueling, from 10/11/76 through
12/3/76 for the refueling period, and 2/9-22/77 for the beginning
of an operating cycle following refueling.

A.3.1 Reactor Coolant

Figure A.3 is a reproduction of the FSAR diagram of the
reactor coolant system. Samples were taken at sample points #6 and #7
shown on Figure A.3. Tables A.1-A.7 show the radionuclide concentrations
measured in reactor coolant. The reactor loop number and time of collection
are noted on the tables. Reactor coolant radionuclide concentrations
for the periods of power operation prior to refueling and after refueling
are shown in Tables A.1 and A.3, respectively. Concentrations of pure
beta emitting radionuclides in reactor coolant, spent fuel pool water
and a monitor tank are shown in Table A.2.

Three reactor coolant samples were taken during the refueling
outage. The results for these samples are shown in Table A.4. The
reactor vessel cover was removed on 10/22/76 and the refueling cavity
and fuel transfer canal were filled on 10/26/76. The spent fuel was
transferred from the reactor to the spent fuel pool between 11/2/76
and 11/7/76. The refueling cavity was drained and the reactor vessel
cover replaced by 12/2/76 for testing prior to start-up.

Reactor coolant samples were degassed by Fort Calhoun operating
personnel in the following manner. A 300 ml sample was collected
in an in-line steel container on the same sample line as for the
non-degassed samples. The reactor coolant gas was transferred to an
evacuated 250 ml glass container by bubbling air through the steel
container. The 133Xe activities in both the liquid and gas fractions
were used to determine the degassing efficiency.
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For each of the before and after refueling measurement periods,
reactor coolant samples were collected and degassed by Fort Calhoun
personnel prior to our counting. Tables A.5 and A.6 present the
analysis results for these degassed samples. By comparing the data in
Tables A.1 and A.3 with Tables A.5 and A.6 it is apparent that the degassing
did not significantly increase the sensitivity for the non-detected
radionuclides. Also, the degassing procedure delayed the first count
on these samples to 1 to 2 hours after collection. This preciuded
measurement of the short-lived radionuclides.

For each of the liquid reactor coolant samples presented in Table
A.6, a sample of the reactor coolant gases was obtained from OPPD. The
radionuclide analysis results of these samples are presented in
Table A.7.

Shown in Tables A.1, A.5, A.6, and_A.7 are the results from analysis
of similar reactor coolant samples by OPPD.

A.3.2 CVCS Liquid

A diagram of the chemical and volume control system (CVCS) is
presented in Figure A.4. The indicated 1ocal sample point on the volume
control tank was not installed during construction. The information
on when the mixed bed purification ion exchangers (CH-8A and CH-8B)
were in service and recharged is presented in Figure A.5 for the period
July, 1973 through February, 1977. For these demineralizers, the resin
was replaced and the used resin disposed of as solid wastes.

During the before refueling in-plant measurement period at Fort
Calhoun, the purification ion exchanger (CH-8B) was in service and the
cation ion exchanger (CH-10) was not used. The samples for the CVCS
were obtained from the points number 1, 2, and 5, in Figure A.4. The
three samples (50 ml, each) were collected at essentially the same time
and counted within 20 minutes of collection, with the input (#1)
counted first.

Tables A.8 and A.9 present the radionuclide analysis data for the
samples from the CVCS on 8/20/76 and 8/30/76, respectively. Figure A.6
presents a graph of the letdown flow rate for the CVCS during the period
8/15/76 through 9/9/76. Figure A.7 presents the graphs of the reactor
coolant pH and conductivity plus the pressure drops across the purification
demineralizers and filters for the period 8/9/76 through 9/2/76. Sample times
are noted on both figures.

: During the refueling measurement period, the purification ion
exchangers were operated in series for clean-up of reactor coolant prior

to reactor vessel head removal. Samples were taken on 10/11/76

when CH-8A and CH-8B were in series and Table A.10 presents the results.

These samples were taken from points numbered 1, 2, and 5 on Figure

A.4, Figure A.8 presents the letdown flow rate for the period

9/25/76 through 10/19/76.
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After movement of spent fuel from the core to the fuel pool, the
cation ion exchanger (CH-10) of the CVCS was used to clean up the refueling
cavity water prior to placement in the safety injection and refueling
water tank (SIRWT). On 11/11/76, samples were taken of the input
and output of CH-10 (points #1 and #3, respectively in Figure A.4)
during the processing of refueling cavity water. Table A.11 presents
the analysis results..

During the post-refueling measurement period in February, 1977,
a sample series was taken of the letdown flow being processed through the
purification ion exchanger CH-8A. These samples were taken from points
1, 2, and 5 on Figure A.4. A filtration procedure (described in the
procedures report (1)) was used on these samples to determine the suspended
radioactive solids with sizes larger than 0.5 micron. The data from
these samples is presented in Table A.12. In this and all subsequent
tables where dissolved and suspended activities are reported, the
suspended activities represent radionuclides observed on the filter.
Dissolved activities represent activities found in the filtrate.
The letdown flow rate during the period from 1/31/77 through 2/24/77
is presented in Figure A.9. Figure A.10 presents graphs of reactor
coolant boron concentration and pressure drop across the purification
demineralizers and filters for the same period.

A.3.3 Secondary Liquid

Steam generator blowdown samples were collected from both
generators before refueling on 8/26/76 and after refueling on 2/8/77
and 2/10/77. The February samples were over 20U liters in size and
were collected with an ion exchange column technique described in
the procedures report (1). The radionuclide analysis results are
presented in Table A.13. Because of other possible pathways for
radioactivity to enter secondary liquid, the radionuclide concentrations
measured in the steam generator blowdown were not necessarily indicative of
a primary to secondary steam generator leak. Figure A.11 presents the
stea77generator blowdown and flow rates for the period 1/31/77 through
2/24/1717.

A.3.4 Spent Fuel Pool and Fuel Transfer Associated Liquids

Figure A.12 presents a diagram of the spent fuel pool cooling
and clean-up system. The local sample points are indicated. During the
measurement period, the valve for sample point #2 was not operable.
Therefore, only spent fuel pool water or the input to the fuel pool
clean-up system could be sampled (#1). The volume of the spent fuel pool
is 215,000 gallons. According to the auxiliary building operator's
log, the spent fuel pool was full during the in-plant measurement
periods. The temperature of the spent fuel pool water is presented
on the tables with the radionuclide data. Table A.14 presents the
radionuclide concentrations for two samples taken from the spent fuel
pool during the before refueling. Table A.2 presents the activities
from a beta analysis of a spent fuel pool sample taken before refueling.
At this time, the pool contained spent fuel rods from one-third of
the core removed during the first refueling in March, 1975.
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During refueling, water is taken from the safety injection and
refueling water tank (SIRWT) to fill the refueling cavity and fuel transfer
canal. The volume of the SIRWT and refueling cavity are 314,000 and
249,500 gallons, respectively. The refueling cavity and fuel transfer
canal were filled from the SIRWT on 10/26/76. The spent fuel movement
occurred between 11/2/76 and 11/7/76. Water was transferred from the
refueling cavity and fuel transfer canal after clean-up with the CVCS
by 12/3/76.

Table A.15 presents the radionuclide concentrations in samples
taken from the SIRWT before and after the reactor refueling (from
#3 on Figure A.12). Table A.16 presents the radionuclide concentrations
for samples taken from the fuel transfer canal and refueling cavity
before and after movement of the spent fuel (dip samples). Table A.17
presents radionuclide concentrations for four spent fuel pool samples taken
at different times during the refueling process.

. During the post-refueling measurement period, a sample was taken
from the spent fuel pool. This sample was filtered using the technique
described in the procedures report (1). Table A.18 presents the radio-
nuclide concentrations in the spent fuel pool sample taken in February,
1977.

A.3.5 Liquid Radwaste System

Figures A.13 through A.16 present diagrams of the liquid -
radwaste system. The radwaste tanks which were sampleable were the
reactor coolant drain tank (WD-1), the spent regenerant tanks (WD-13A and
WD-13B), the waste holdup tanks (WD-4A and WD-4B), the hotel waste tanks
(WD-15A and WD-158) and the monitor tanks (WD-22A and WD-22B). The sample
point for the reactor coolant drain tank was a local valve on the tank,
within containment. Sample points for the other tanks are noted by
numbers one through four on Figures A.14 through A.16. Liquid radwaste
samples obtained after refueling were filtered using the technique
described in the procedures report (1).

Figures A.17, A.18, and A.19 present the tank levels as a function
of time for the waste holdup tanks for the three measurement periods.
Figures A.20, A.21 and A.22 present the tank level information for the
reactor coolant drain tank, the spent regenerant tanks, the hotel tanks,
and the monitor tanks for the three measurement periods.

A.3.5.1 Reactor Coolant Drain Tank

Table A.19 presents the radionuclide concentrations
observed in the reactor coolant drain tank for a.sample taken during the
after refueling measurement period.
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A.3.5.2 Maste Holdup Tanks

Table A.20 presents the radionuclide concentrations
determined on two samples taken from the waste holdup tanks during the
before refueling measurement period. A duplicate of the sample
taken 11:40, 9/2/76 was analyzed by DOE-HSL and their results are also
shown. Table A.21 presents the radionuclide concentrations in three waste
holdup tank samples taken during refueling. Table A.22 presents the
radionuclide concentrations measured in a sample from waste holdup tank
WD-4A taken after refueling. A duplicate sample was also analyzed by
DOE-HSL and their results are shown.

A.3.5.3 Spent Regenerant Tanks

Table A.20 presents radionuclide concentrations
measured on three samples of the spent regenerant tanks taken during the
before refueiing measurement period. Tabie A.21 presents data on one
sample taken during refueling. Radionuclide concentrations of two
samples taken from the spent regenerant tanks during the after
refueling measurement period are shown in Table A.23.

A.3.5.4 Hotel Waste Tanks

Table A.24 presents radionuclide concentrations
observed in a sample taken from hotel tank WD-15A before refueling.
Radionuclide data measured on two hotel tank samples taken after
refueling are shown in Table A.25.

A.3.5.5 Monitor Tanks

Tables A.2 and A.24 present radionuclide data
for three samples taken from the monitor tanks before refueling. One
monitor tank sample was taken during refueling and the results are shown
in Table A.21. Table A.26 presents data from two monitor tank samples
taken after refueling. After refueling, a series of four samples
were taken at different times in the release of monitor tank WD-22B to the
discharge pipe. These results are presented in Table A.27. Several times
during the measurement period, OPPD collected samples of monitor tank water
at the same time our samples were obtained. Comparisons of OPPD's and our
results for these samples are presented in Tables A.24A, A.26 and A.27.
In order to make a valid comparison, our results reported in these tables
are for unfiltered samples (i.e., same procedures used by OPPD).

A.3.5.6 MWaste Evaporator

Evaporator feed samples were taken from the tanks
being processed and the distillate and concentrate samples were taken
from points 5 and 6 on Figure A.16, respectively. Tables A.28 through
A.30 present the radionuclide data for the samples taken while the
evaporator was processing feed from waste holdup tank WD-4B, spent
regenerant tank WD-13A and spent regenerant tank WD-13B, respectively.
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Figure A.23 presents the radwaste evaporator parameters, evaporator
feed, bottoms boron concentration, and distillate conductivity for the
period 8/9/76 through 9/2/76. Figures A.24 and A.25 present the same
evaporator parameters with an expanded time scale to better show the
variation of these parameters during the period when the samplies of
Tables A.28 through A.30 were taken.

During October, 1976 the evaporator tube bundle was replaced with.
a new bundle. Scraping samples were obtained from each end of the
evaporator bundle on 10/13/76. Concentrations shown in Table A.31
are in uCi per sample and provide a relative indication of the
radionuclide buildup on the evaporator tube bundle.

Figure A.26 presents the evaporator operating parameters, feed,
bottoms boron concentrations and distillate conductivity for the period
1/31/77 through 2/21/77. The bottoms were removed in a batch mode. A
series of measurements were made in February, 1977 to evaluate the
waste evaporator performance with a constant feed. The operational
parameters are shown on an expanded time scale in Figure A.27. The
radionuclide concentrations measured for the feed, distillate, and
concentrated bottoms are shown in Tables A.32, A.33, and A.34,
respectively.

A.4 Gaseous Samples

In the text of this report (Section 2.3.1), the sampling stations
and locations for the gaseous streams are described. Figure A.28
is the P. & 1.D. for the ventilation system at Fort Calhoun Station
with sample stations #1 through #4 noted on the figure. Figure A.29
presents an as-built modification to the P. & I.D. shown in Figure A.28.
The radionuclide activities measured at sample stations #1 through #4
are presented in Tables A.35 through A.38, respectively. Additional
samplers were placed in rooms to determine the airborne activities
reaching the ventilation system from these areas. These rooms were the
waste evaporator room, the pipe penetration room, and the letdown heat
exchanger room. Tables A.39 through A.41 present the results of these
measurements. lodine-131 species data were collected at ventilation
sample station #2 and the waste evaporator room during most of the in-plant
measurement period at Fort Calhoun. Tables A.42 and A.43 present these
data. During the post-refueling measurement. period, 1311 species data
were collected using the ventilation sample stations for station #1,
letdown heat exchanger room and pipe penetration room. These data are
presented in Table A.44.

In addition to the ventilation samples, grab samples were taken from
portions of the process gas system. In all cases, the samples were taken
through the plant's Automatic Gas Analyzer System. Iodine species
samplers were used to obtain samples of several of the subsystems. Two
samples of gas from different waste gas decay tanks were also taken for
gamma analysis. The results of these measurements are shown in Tables
A.45 through A.48.
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Carbon-14 and tritium analyses were performed on the same process
and cover gas subsystems as were the iodine species determinations. The
sampler developed for air monitoring was not used because of the absence
of oxygen in these systems. As an alternate sampling procedure, 75 cc
stainless steel gas bombs were used to obtain these gas samples. The
gas bombs were returned to INEL where the contents were mixed with low
activity air and processed through the normal sampling system. The
results of these measurements are shown in Tables A.49 and A.50.

Two samples of the containment atmosphere were obtained. The first
sample, taken in October, 1976, was an iodine species sample taken through
a plant installed containment penetration. The second sample, taken in
January 1977, consisted of iodine species and %C and tritium measurements.
These latter samplers were set up inside the containment structure and
were operated for approximately two days. The results of these measurements
are shown in Table A.51.
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TABLE A.1 (cont.)
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BETA, ONLY, EMITTING RADIONUCLIDE ACTIVITIES
Power Operations - Before Refueling

Nuclide

34
1k A
32p
35¢
L5Ca
55Fa
6 3Nq
89Gy
905y
9ly

147ppy

Loop #1
Reactor Coolant
12:003 9/1/76

(uCi/m1)

.77 £ 0.02(-2)

7 + 0.4(-6)
.5 £ 0.4(-6)

6 + 2.0(-6)
0.01(-4)
0.01(-3)
0.02(-4)
.22 + 0.05(-3)
8 + 0.5(-6)
.7 +1.3(-6)

+2

O N Wt et a1 P
S o e :
o
IS
+ 4

Spent Fuel
Pool
10:25; 8/31/76
(uCi/m)

7.34 + 0.04(-3)
7 £ 2(-8)
<2(-7)

2(-7)

1.44
1.84
2.37
<4(-8)
<2(-8)
<1(-7)
<2(-8)

0.02(-5)
0.02(-5)
0.04(-4)

+ &+

Monitor Tank 22B
08:17; 9/1/76
(uCi/ml)

3.75 + 0.02(-3)
2.6 + 0.2(-7)
<4(-8)

<2(-7)

1.79 + 0.02(-5)
5.2 £ 0.1 (-6)
3.6 + 0.1(-7)

3 +1(-8)
<2(-8)

<1(-8)

<2(-8)

A Analysis results are for inorganic 1%C only (CO0;)



TABLE A.3

REACTOR COOLANT ACTIVITIES
Power Operations - After Refueling

Loop #1 Loop #2 Loop #1

08:40; 2/9/77 08:44; 2/17/77 13:01; 2/22/77'
Nuclide (pCi/ml) {uCi/mi) 41pCi/m1)

Activation Nuclides:

24Na 7.5 = 1.22-3; 1.41 + 0.03(-2) 1.2 + 0.2(-2)
S1Cr 7.3 £ 1.8(-4 <2(-2 <1(-2

S4Mn 4.8 + 0.3(-5) 1.6 + 0.1(-3) 2.2 + 0.8(-5)
56Mn 1.4 + 0.4 -2; <4(-3 <6(-3)

59Fe 4.7 + 0.6(-5 1.8 + 0. 2-4) <3(-5)

57Co 3.6 + 0.8(-4) 2.3 + 0.4(-3) 1.9 + 0.2(-3)
58Co 2.00 + 0.02(-3) 3.57 + 0.04(-3) 1.13 + 0.05(-3)
60Co 3.2 +.0.4(-5) 1.2 + 0.2(-4) 1.8 + 0.7(-5)
657n <2(-5) <6§-5; <3(-5)

187y 8.6 + 0.6(~3) <5(-4 5.4 + 0.6(-3)
239Np 4.3 + 1.8(-3) <1(~-2) 9.6 + 5.7(-3)
Iodine Nuclides:

1311 9.54 + 0.08(-2) 8.62 + 0.03(-2) 7.37 + 0.05(-2)
1321 6.30 * 0.08(-2; 4,56 + 0.09&-2) 4.87 + 0.06(-2)
1331 1.27 + 0.01(-1 1.04 + 0.01(-1) 1.02 + 0.01(-1)
1341 4.2 + 0. 3(-2; 2.8 ¢ 0.22-2; 3.6 + 0.3(-2)
1351 8.2 + 0.3(-2 7.0 + 0.2(-2 6.8 + 0.2(-2)
Beta Only, Nuclides:

ﬂiA * * 2.15 + 0.02(-1)
14¢ * * 7.0 + 0.2(-6)
55Fe * * 1.16 + 0.02(-4)
63N * * 3.7 £ 0.2(-5)
895y * * 8.6 + 0.9(-6)
905y * * <8(-7)

91y * vk 1.3 + 0.2(-6)

* : Not analyzed for beta emitters.
A Analysis results are for inorganic “C only (CO5).
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- TABLE A.3 (cont'd)
REACTOR COOLANT ACTIVITIES

Power Operations - After Refueling

Loop. #1
08:40; 2/9/77
Nuclide (uCi/m1)
Fission Products:
88Rp 4.6 + 0.2(-1)
89Rb 2.1 +0 22-2;
57y 4.3 + 1.2(-5
95Nb 3.8+0 32-53
99Mo 1.4 + 0.9(-3
103gy <3(-5
110mpqg <3§-5;
12454 3.6 + 2.4(-6)
129T¢ <5(-4)
129m1e <3(-3)
131mTe <2(-4)
134¢s 1.09 + 0.02(-3)
136Cg 3.5 + 0.4(-5)
137Cs 1.53 + 0.022-3)
138¢g 1.73 + 0.09(-1)
139Cs <2(_3)
1398, 6.3 +1.4(-2)
140Ba <1(-4)
1401 5. 8.7 + 2.3(-5)
141ce 2.7 + 1.5(-4)
1‘43Ce <3(_3)
l4kCe <2(_3)

Loop #2
08:44; 2/17/77
(uCi/ml)

Loop #1
13:01; 2/22/77
(uCi/m1)

I NWw Wi
~ I+ I+

oo

- »

o

J

—

'

—t

S

Nt
.

[ New
. .
P~
!

[
A

N W

ANANDRWA A —~A
. .

A
e WUITOh s

A

N A

* : Not analyzed for beta emitters.

A : Analysis results are for inorganic 1“C only (CO,).



TABLE A.4

REACTOR COOLANT ACTIVITIES
During Refueling

Prior to Head After Head After Head Replacement
Removal Removal Prior to Start-up
12:36; 10/20/76 11:00; 10/27/76 13:15; 12/3/76
Nuclide (uCi/m1) (uCi/m) (pCi/ml)
Activation Nuclides:
Sicy <5(-3) <2(-3) 2.9 + 0.9(-3)
ShMn 3.60 + 0.06(-4) 2.5 + 0.1(~4) 8.7 + 0.2(-4)
59Fe 1.6 + 0.1(-4) 1.2 + 0.3(-4) 3.2 + 0.4(-4)
57Co 2.35 + 0.08(-4; 4.1 + 0.8(-4) 2.3 + 0.3(-4)
58Co 1.34 + 0.03(-1 1.78 + 0.05(-1) 7.0 + 0.1(-2)
60Co 6.4 + 0.1(-4) 6.9 + 0.35-4; 1.6 ¢ 0.32-3g
65Zn <7(-5) 8.2 + 2.5(-5 5.1 + 1.0(-5
Iodine Nuclides:
1311 1.2 + 0.2(-2) <2(-3) <4(-4)
Fission Products:
57y <1(-2) <3(-2) 1.1 + 0.2(-4)
95Nb <9(-3; <2(-2 2.6 +1.7(-4)
103py <1(-3 1.5 + 0.8(-4) <3(-4)
110mpqg <1(-3) <2(-3) 1.5 + 0.1(-4)
124gh 6.1 + 0.5(-5) 1.3 + 0.1(-4) 1.28 + 0.09(-4)
129m7e <4(-1) <5(-1) <2(-1)
134Cs 2.38 + 0.02(-2) 3.65 + 0.03(-2) 6.18 + 0.09(-3)
136Cs 2.12 + 0.08(-3) 9.1 + 1.0(-4) 1.9 + 0.3(-4)
137¢s 2.26 + 0.05(-2) 3.83 + 0.07(-2) 6.3 ¢ 0.12-3;
140Ba <5(-4) <9(-3 5.3 + 2.1(-4
141Ce <4(-4; <1(-4) <42-5;
144Ce <5(-1 2.6 + 2.3(-4) <2(-4
Beta Only, Nuclides:
3H 3.49 + 0.04(-2) 3.44 + 0.02(-2) 1.06 + 0.02(-2)
14c 2.74 + 0.04(-5) 2.10 + 0.02(-5) 5.3 + 0.2(-7)
32p 1.6 + 0.7(-5) 5. + 3.(-6) *
35¢ <4§-6§ 1.4 + 0.9(-6) 2.50 + 0.06(~5)
45Ca <2(-6 <6(-7) *
5S5Fe . 2.17 + 0.04(-3) 3.89 + 0.03(-4) 3.91 + 0.02(~3)
63Nj 5.75 +.0.04(=3). _. 3.8 + 0.02(-3) 3.94 + 0.02(-3)
893Gy 4.8 + 0.4§-5) 5.3 + 0.7(-6) 5.3 + 0.3(-5)
90sy 2.0 + 0.4(-6) 4, 1 2.(-7; 1.08 + 0.05(-5)
91y 1.5 + 0.4(-6) 3. + 2.(-7 2.13 + 0.08(-5)
147ppy 1.1 + 0.2(-6) 1.7 + 0.1(-6) *

* ; Sample not analyzed for these tradionuclides.
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TABLE A.5

REACTOR COOLANT ACTIVITIES (OPPD Degassed Sample)
Power Operations - Before Refueling

Loop #1 OPPD Loop #2 OPPD - Loop #1
09:04 08:33
14:39; 8/23/76 8/26/76 -09:04; 8/26/74 8/27/76 08:33; 8/27/76
Nuclide {uCi/m1) (uCi/m1) (uCi/m)) {uCi/m) (uCi/ml)
Activation Nuclides: _
24Na 4.2 + 0.2(-3) 2.8 + 0.1(-3) 2.5 + 0.2(-3)
S1Cp <2(- ) <7(-3) <2(-2) <7(-3) <1(-2)
S54Mn <1(-4 3.2(-2) 1.1 £ 0.5(-2) 2.7(-2) 2.64 + 0.06(-4)
56Mn 2.7 + 2.9(-3) 3.6 + 3.1(-3) <4(-3)
59Fe 5(-5) <2(-3) <2(-3) <2(-3) 6.7 + 2.7(-5)
57Co 1.7 + 0.4(-3) <5(-4) <1(-4) <5(-4) <7(-5)
58Co 1.30 + 0.05(-2) 2.4(-2) 1.22 + 0.06(-2) 1.1(-2) 2.86 * 0.04(-3)
60Co 1.0 + 0.2(-4) <1(~3) <1(-4) <1(-3) 3.2 + 0.8(-5)
65Zn 4(-5) <2(-3) <2(-3) <2(-3) <2(-5)
187y 4(-4) <3§-3; <2$-4
239Np 9.7 + 4,9(-3) <}(-2 <1(-2
Todine Nuclides:
1311 2.18 + 0.025-1; 2 4§-1) 1.99 + 0.02§-1; 1 95-1} 1.71 £ 0.01(-1)
13271 1.51 + 0.01(-1 8.7(-2) 1.06 £ 0.02(~1 7.9(-2 7.8 % 0 8(-2)
1331 3.20 + 0.02(-1) 3.2(-1) 2.97 + 0.06(~1) 2.5(-1) 2.41 * 0.06(-1)
1341 1.08 + 0.07(-1) 5.0(-2) 5.8 + 0.3(-2) 2.2(-2) <5(-1)
1351 2.11 + 0.02(-1) 1.3(-1) 1.55 + 0.03(-1) 9.7(-2) 1.24 * 0.03(-1)
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TABLE A.5(cont.)

REACTOR COOLANT ACTIVITIES (OPPD Degassed Sample)
Power Operations - Before Refueling

Loop #1 OPPD Loop #2 oPPD
09:04 08:33
14:39; 8/23/76 8/26/76 09:04; 8/26/76 8/27/76
Nuclide (uCi/ml) (uCi/ml) (puCi/ml) (uCi/ml)
Fission Products:
957y 6.3 + 1.5(-4) <1$-3; <2(-3 <1(-3;
95Nb <1(-4) <8(-4 <8(-4 <8(-4
99Mo 2.45 + 0.06(-3) 1.5(-3) 1.0 + 0.1(-3) 1.2(-3)
103py <1(-4) <8(-4 <9(-5) <7(-4)
110mAg 0.3 + 2.6(-4) 1.5 + 0.7(-4)
1245h 2.2 + 0.8(-4) <2(-3) <8(-5) <2(-3)
1265h <1(-4) <8(-5)
127gh 2.5 = 1.8$-4; <2(-3)
134Cs 4,5 + 0.1(-3 <9(-4) 1.8 = 0.52-3) <9(-4)
136Cg 1.2 + 0.1(-3) <1§-3; 4.5 + 1.3(-4) <1(-3;
137Cs 4.64 + 0.07(-3) <9(-4 1.6 + 0.1(-3) <9(-4
14083 <5(-4) <3(-3) <3(-4) <3(-3)
14014 <4(-5) <9(-4) <1(-4) <9(-4)
141Ce <1§-4g <1(-3) <2(-4g <A(-3)
143Ce <4(-3 <4(-3
l4kCe <6(-4) <1(-3)

Loop fn

08:33; 8/27/76
(pCi/mn)

A

A




TABLE A.6

REACTOR COOLANT ACTIVITIES (OPPD Degassed Sample)
Power Operations - After Refueling

Loop #1 Loop #2
08:163 2/9/77 08:21; 2/17/77
INEL 0OPPD INEL OPPD

Nuclide (uCi/m1) (uCi/m1) {uCi/m) (uCi/m1)
Activation Nuclides:

24Na 5.9 + 0.1%-3; 1.49 & 0.02(-2)

51Cr 1.0 + 0.1(-3 2.2 + 0.5(-2) 8.9 + 2.2(-4) <5(-3)

54Mn 6.6 + 0.3(-5) 2.18 + 0. 07(-2) 2.3 + 1.0(-4) 2.03 £ 0.07(-2)

56Mn <3(-3) <7(-3) ,

59%Fe 8.5 + 0.6&-5; 2.7 + 1.1(-3) 1.0 + 0.3(-4) 5.5+ 1.1(-3)
. 57Co 2.3 + 0.6(-5 <4(-4) 9.7 + 2.0(-4) <4(-4)

58Co '5.69 + 0.07(-3) 9.7 + 0.4(-3) 3.48 + 0.04(-3) 6.3 + 0.6(-3)
60Co 7.5 + 0.6(-5) <6(-4) 9.3 + 3.0(-5) <6(-4)

65Zn <2(-5) <1(-3) 1.4 + 0.55-43 <1(-3)

187y 9.9 + 0.45-3; 8.7 + 0.4(-3

239%p 4.1 + 0.7(-3 1.8 + 1.3(-3)

Iodine Nuclides:

1311 8.29 + 0.03(-2) 1.02 + 0.01(-1) 8.85 + 0.08(-2) 9.25 + 0.09(-2)
1321 5.46 + 0.07(-2) 4.5 + 0.4(-2 5.5 + 0.1(-2) 4.5 + 0.4(-2)
133] - 1.10 + 0.01(-1) 1.23 + 0.01(-1) 1.11 + 0.02(-1) 9.9 + 0.1(-2)
13u] 3.7 + 0.32-2) 2.2 + 0.25 -2) 3.8 + 0.4(-2 1.6 + 0.2(-2)
1351 7.2 + 0.1(-2) 5.7+ 0 2) 7.6 + 0.2(-2 5.3 + 0.2(-2)
Fission Products:

95Zr 6.6 + 0.5(-5) <8(-4) <3(-4) <8(-4)

9SNb 4.6 + 0.3$-5) <5(-4) <2(-4) <5§-4;

99Mo 3.3 + 1.6(-4) 4,3 + 1.0(-4) 3.9 + 1.2(-4) <9(-5

103Ry 1.9 + 0.65-5; <5(-4 <22-3) <5(-4)

110MAq 1.3 + 0.3(-5 <2(-3)

1245h 4,7 + 1.2(-6) 4.4 + 1.4(-3) 3.9 + 3.9(-5) <1(-3)

129Te <3(-3) <2(-2)

129mTe <4(-3; <5(-3)

131mTe <5(-4 <3(-4)

1327e <2(-3) <2(-3)

134Cg 8.2 + 0.1(-4) <5(-4) 6.51 + 0.05(-2) 5.08 + 0.09(-2)
136Cs 5.6 + 1.3(-5) <6(-4 1.6 + 0.3(-4 <6(-4)

137Cs 1.18 + 0.02(-3) <5(-4 7.44 + 0.04(-2) 7.14 + 0.095-2)
138Cs 2.30 + 0.08(-1) 1.12 + 0.03(-1) 2.9 + 0.1(-1) 1.39 + 0.04(-1)
1398a 3.2 + 0.1(-2) 4.3 + 0.5(-2)

140Ba <9(-5) <2(-3) <6(-3) <2(-3)

140p 3 1.4 +.0.8(-3) <6i-4§ <72-3; <5é-4)

141Ce <2(-5) <7(-4 <8(-4 <7(-4)

143Ce <3§-3) 1.3 + 0.3(-3)

1u4Ce <1(-4) <4(-3)
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TABLE A.6 (cont'd)

REACTOR COOLANT ACTIVITIES (OPPD Degassed Sample)
Power Operations - After Refueling

Loop #1
13:38; 2/22/77
INEL OPPD
Nuclide (uCi/ml) (uCi/m1)

Activation Nuclides:

SICr
54Mn
56Mn
59Fe
57Co
58Co
60Co
GSZn
187y
239Np

<5(-3)
12.08 + 0.06(-2)

-0
> N B W

+
o

o~ ~ —~~ I~~~
(3,

« e o e
o
-

1

Nt St Nanit?

[
W w1+ 1+
~

~—
J
N
~

WSNA =t A = A WON) -
e = (0 . —
w(ﬂﬁmo’l"-h’\l\’ow

~
-0 O

[}
W W £~ L WM
~—
N
w
+
_a
f\
w
~—

U
I+ + O+
O O N e

Iodine Nuclides:

1311 7.3
132] 4.72
133] 9.60
134] 3.4
135] 6.3

Fission Products:

95Zr 2
95Nb 1.
99M° <] -
103Ry 9
110"“9 <2
1248h <2
129Te <6
129mTe <6
4
2

-5) 4.2 + 0.7(-3)
<1(-3)

131mTe

1327,
13u4Cg

136Cs
137Cs
138Cg
1398,
140Ba3
140L a
141Ce

143Ce
IQNCe

A

A = A -:-N.tf-—nwl\
(=)
23
+ ¥ e N e e e Su?
) . oco .
|
o
o0
b,
OpA
- D A

A

A
WWN .
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TABLE A.7

REACTOR COOLANT GASEQUS ACTIVITIES
Power Operations - After Refueling

Loop #1 Loop #2 Loop #1
08:16; 2/9/77 08:21; 2/17/77 13:38; 2/22/77
INEL OPPD INEL . 0OPPD INEL OPPD

Nuclide (pCi/m1) (uCi/m1) (uCi/m1) (pCi/ml) (pCi/ml) (uCi/ml)
41pp 5.6 ¢ 0.7(-3; 5.02(-3) 2.6 + 0.5(-3) 5.05(-3) 2.0 + 0.3(-3) 3.15(-3)
83Ky 8.4 +1.2(-3 1.8 + 0.4(-2) <8(-1)

85my 1.40 + 0.05(-1) 1.95(-1) 1.88 # 0.02(-1; 2.30(-1) 1.7 £ 0.1(-1) 1.88(~1)
87Ky 1.43 + 0.02(-1) 1.67(-1) 1.92 + 0.08(-1 2.05(-1) 1.87 + 0.06(-1) 1.51(-~1)
88Ky 2.6 + 0.1(-1) 2.54(-1) 3.3 + 0.2(-1) 3.00(-1) 2.93 + 0.05(-1) 2.42(-1)
131mye 3.1 + 0.1(-2) 5.2 + 0.3&-2) 5.2 + 0.3(-2)

133ye 5.0 + 0.1(0) 1.32§+1) 6.1 + 0.1(0) 1.43(+1) 5.54 + 0.03(0) 1.11(+1)
133Mye 1.16 + 0.01(-1) 1.27{-1) 1.38 + 0.02(-1) 1.20(-1) 1.29 + 0.01(-1) 8.91(-2)
135¥@ 8.5 + 0.3(-1) 1.06(0) 1.05 + 0.01(0) 1.24(0) 1.04 + 0.02(0) 9.83(-~1)
135mye 7.0 ¢ 0.7(-2% 6.67(-2) 9.5 + 0.4(-2) 9.32(-2) 9.2 + 0.2(-2) 6.88(-2)
138%e 1.5 + 0.2(-1 3.22(-2) 1.58 + 0.07(-1) 5.72(-2) 1.56 + 0.05(-1) 4.28(-2)




CH-8B:

TABLE A.8

CVCS LETDOWN ACTIVITIES - 8/20/76
Power Operations - Before Refueling
Placed in service, 3/24/76; use, 93 days by

8/20/76

Nuclide

Activation Nuclides:

ZuNa
55Mn

6000
187y

Iodine Nuclides:

1311
1321
13371
13471
1351

Fission Products:

BBRb

Input to CVCS
Ion Exch CH-8B

10:56; 8/20/76
(pCi/m1)

A O\O)?JOYQ)

B
~hwWwH

!
w i+
~—

10 -2)

SNW =N
n
(=)
1+
(=
o
—
—
[}
-—
~

1 St s et et P P

NWO N od I ed od el P W N
e & 5 s o o o & & o e w »
1
N wNd
— s

OOV =UTNADDNANNWO W

L Sl |

Output From Output From
Ion Exch CH-8B Filters
10:57; 8/20/76 10:58; 8/20/76

(uCi/m1) (uCi/m1)
2.6 + 2.1(-4) <1(-4)
4.5 + 0.1(-4) 3.2 + 1.9(-5)
<2(-3)
4.0 0.12-43 <2(-5)
2.4 + 0.4(-5 2.1 + 0.7(-6)
1.92 + 0.03(-2) 4.2 + 2.6(-5)
5.0 + 0.9(-3) <8(-4
7.6 + 0.3(-3) <5(-4)
<2(-3)
9.9 + 2.4(-~3) <5(-3)
1.8 + 0.7(~1) 1.5 = 0.4(-1)
<1(-3;
<2(-5
<8(-6)
3.1 + 1.0(-5) <2(-5)
<1§-2) -
<1(-5) 3.2 + 3.7(-4)
1.21 + 0.02(-3) 4.0 + 1.0(-5)
2.9 + 0.2(~4) <2(-5)
1.21 £ 0.02(-3) 9.9 4.0&-5)
1.0 + 1.4(-2) 1.9 + 0.5(-2)

1.7 + 0.32-4§ <12-4g
2.0 + 0.3(-3 <1(-4
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TABLE A.9

CVCS LETDOWN ACTIVITIES - 8/30/76
Power Operations - Before Refueling

CH-8B: Placed in service, 3/24/76; Use, 103 days by 8/30/76
Input to CVCS Output From Output From
Ion Exch CH-8B Ion Exch CH-8B Filters
_ 09:58; 8/30/76 10:02; 8/30/76  10:00; 8/30/76

Nuclide (uCi/ml) ' Ci/mi Ci/ml
Activation Nuclides:

24Na 2.2 ¢ 0.52-3 3.6 ¢ 1.32-4; <1(-4)

StMn 5.2 + 0.4(-4 2.4 + 5.5(-5 1.5 + 3.7(-5)

S6Mn <1(-3) )

58Co 2.05 + 0.09(-3) <4(-5) 9.2 + 1.5(-5)

60Co 8.7 ¢ 3.12-53 3.0 + 1.5(-5) 4.0 + 2.0(-5)
187y 3.2 + 0.4(-2 <2(-4)

Iodine Nuclides:

1317 2.40 * 0.02%-1; 1.18 + 0.02(-2) 2.0 + 0.2(-4)
132y 1.01 + 0.01(-1 2.0 + 0.4(-3) <8(-4)
1331 2.59 + 0.02(-1) 1.03 % 0.01(-2) <6(-4)

1343 5.3 + 0.7(-2) <2(-3)

1351 1.30 + 0.04(-1) <1(-2)

Fission Products:

88Rp 9.5 + 0.6§-lg 3.7 £ 1.4(-1) 3.2 + 3.9(-1)

89pb 8.5 + 0.4(-2 <1(-3)

95Zr <22-4§

95Nb <8(-5

9I9Mo 3.3 £ 0.4(-3) <6(-5)

10 1Mo 4.2 + 1.0(-2) <2(-2)

110mag 2.6 + 1.9(-4) 0.6 + 1.3&-4; 2.1 ¢ 5.52-33
13uCg 1.37 + 0.06(-3) 3.6 + 0.2(-4 9.4 + 5.5(-5
136Cs 6.2 + 1.5(-4) 1.2 * 0.25-4; 6 + 12(-6)
137¢Cs 1.46 + 0.04(-3) 3.8 + 0.3(-4 9.3 + 1.6(-5)
138Cg 5.6 + 0.2(-1) 5.0 + 2.2(-2) 0.3 £ 1.2(-1)
14083 <3(-4)

140 3 1.3 = 0.5(-3) <1(-4)
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‘TABLE A.10

CVCS LETDOWN ACTIVITIES

During Refueling (CH-8A and CH-8B in Series)

Nuclide
Activation Nuclides:

SICr
San
59Fe
57Co
58Co
60Co

Iodine Nuclides:

1311
1331

Fission Products:

QSZr

95Nb

99Mo
llomAg
124gh
13UCS
136(Cg

137Cg
140pa

1404 3

Input to CVCS

Ion Exchangers

16:45; 10/11/76
(uCi/m1)

<5(-3

<3é-3;

9.1 + 1.3(-4)
<2(-4)

5.4 + 0.6(-5
6.82 + 0.05(-3)
8.5 + 0.2(-4)
6.07 + 0.08(-3)
2.2 + 0.8(-4)
2.7 + 0.5(-5)

Output From
Ton Exchangers
17:30; 10/11/76

(uCi/m1)

1.50 + 0.02(-3)
<7(-5)

<4(-4

<2(-4

5.4 + 0.3(-5)
<6(-5)

9.0 + 2.0(-6)
1.55 + 0.02(-3)
7.3 + 0.3(-5)

1.53 + 0.02(-3)
<3(-4)
<2(-4)

Output From
Filters
16:45; 10/11/76
(uCi/m1)

<4(-5)

<8
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TABLE A.11

DEMINERALIZER FUNCTION: REFUELING CAVITY WATER
During Refueling

Input: Cation Qutput: Cation
Demineralizer, CH-10 Deminerajizer, CH-10
10:10; 11/8/76 10:15; 11/8/76

Nuclide {uCi/ml) (uCi/m1)
Activation Nuclides:

51cp 4.4 + 0.3(-4) 2.0 + 0.3(-4)
S4Mn 1.3 = 0.25-4; 1.1 + 0.22-5%
59Fe 5.0 + 1.3(-5 2.2 + 0.3(-5
57Co 4.0 + 0.1(-5) <4(-7)

58Co 1.80 + 0.05(-2) 3.2 + 0.6(-4)
60Co 1.7 + 0.4&-4; 2.2 + 0.5(-5;
657Zn 4.2 + 0.9(-6 1.1 + 0.2(-6
Iodine Nuclides:

13171 6.8 + 1.3(-4) 5.29 + 0.06(-4)
Fission Products:

957y 1.2 + 0.3(-5) 4.2 + 0.3(-6)
95Nb 3.4 +1.0(-5) 7.0 + 0.6(-6)
103py 1.8 + 0.3(-5) 5.3 + 0.3(-6)
110mag 2.7 £ 0.2(-5) 4.2 + 0.2(-6)
124gh 1.4 + 0.1(-4) 1.31 + 0.08&-4)
134Cs 1.85 + 0.02(-3) 1.47 + 0.02(-5)
136Cs 8.5 + 0.4(- <3(-5)

137Cs 1.96 + 0.04(-3) 1.70 + 0.02(-5)
140Ba 5.0 + 3.9(-4) <3(-6)

141ce <7(-6) 1.9 + 0.3(-6)
14kCa <3(-5) 2.0 + 0.6(~6)
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TABLE A.12

CVCS LETDOWN ACTIVITIES - Power Oberations - After Refueling (2/16/77)

Input to CVCS Ion Exch CH-8A

Output from CVCS Ion Exch CH-8A

Dissolved Suspended Dissolved Suspended
Activity Solids Activity Solids
Nuclide (uCi/ml) (uCi/ml) (uCi/ml) (uCi/m1)
Activation Nuclides:
24Na 1.83 + 0.05(-2) 5.0 + 0.5(-5) 3.1 + 0.6(-4)[A] <1(-6)
51Cr <2(-2) 3.78 = 0.01 -4; <8(-4; 3.58 + 0.06(-5)
SUMn 1.6 + 0.3(-4) 2.08 + 0.09(-5 <6(-6 1.29 + 0.02(-5)
56Mn <8(-3) 2.8 + 0.2(-4). 3.7 + 2.6(-3)[A] 6.5 + 0.4(-6)
59Fe <6(-4) 3.3 + 0.3§-5g <3(-6; 3.9 = 0.1(-6;
57Co <2(-4) 9.4 + 4.1(-7 <4(-5 5.9 + 0.4(-7
58Co 1.47 + 0.04(-3) 3.98 + 0.07(-4) 9.0 + 0.3(-5) 9.5 + 0.2(-5)
60Co <3(-4) 2.6 + 0.1(-5) 2.8 + 0.6(-6) 2.69 + 0.03(-5)
657n <5(-4) <5(-6) <3(-6) 1.6 + 0.2(-6)
187y 7.2 + 1.0(-3) 7.5 + 1.0(-5) <8(-5) 1.4 + 0.3(-6)
239Np <1(-2) 1.1 + 0.2(-4) <5(-4) 1.02 + 0.06(-5)
Iodine Nuclides:
1311 8.5 + 0.1(-2) 5.46 + 0.04&-3; 5.0 + 4.4(-5) 2.1 + 0.1(-6)
1321 4,7 + 0.2(-2) 2.52 + 0,03(-3 <3(-3)[A] 1.8 + 0.6(-6)
133] 9.8 + 0 Zé-zg 6.2 + 0.3(-3) <6§-4;[A% 1.10 + 0.08(-6)
1341 3.4 + 2.0(-2 <2(-3) <2(-3)TA _ <6(-5)
1351 6.5 + 0.2(-2) 4.35 + 0.09(-3) <3(-3) 6.2 + 2.6(-7)
Fission Products:
88Rb 7.2 + 0.4(-1)[A] * 3.2 + 0.2(-1)[A] *
89Rb * * <2(-3) *
357r <2(-4) 2.2 + 0.1(-5) <1§-5) 2.45 # 0.07%-6)
95Nb <9(-5) 1.65 + 0.07(-5) <6(~6) 3.08 + 0.08(-6)
99Mo 5.7 + 3.3(-3) 2.5 + 0.1(-5) <4§-5) 1.13 + 0.02(-6)
103Ry <4§-3) 6.7 + 0.8(-6) <8(-5) - 4.8 + 0.5(-7)
110mAg <4(-3) <2(-5) 2.9 +.1.2(-6) 1.8 + 0.6(-6)
124gh <4(-3) 2.4 = 0.5&-6; <7(-5) <3(-7)
134Cs 1.90 + 0.02(-1) 5.5 + 0.1(-4 3.10 + 0.03(-3) 2.5 + 0.2(-6)
136Cs 1.4 + 0.5(-4)[A]  <2(-5) 1.4 + 0.1(-5) <4(-6)
137Cs 2.19 + 0.02(-1) 7.08 + 0.07(-4) 3.79 + 0.02(-3) 3.13 + 0.09(-6)
138Cg 2.2 + 0.12-1;[A] * < (-3) Al *
13983 3.6 + 0.6(-2 <2(-4) 7.2 + 0.7(-2)[A] <6(-6)
140Ba <2(-2) <5(-5) <32-4; <9(-7)
140p 3 2.7 + 2.2(-2)[A] 4.4 + 1.2(-6) < (-4 2.4 +0.7(-7)
141Ce <4(-4) . <2(-6) <8(~5) 4.3 + 0.3(-7)
143Ce <4(-3) <3(-4) <2(-4) 4.0 +1.2(-7)
144Ce <2(-3) 1.1 + 0.5(-5) <4(-4) 8.4 +1.7(-7)
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TABLE A 12 (cont'd)
CVCS LETDOWN ACTIVITIES - Power Operations - After Refueling (2/16/77)

Output from CVCS Filters

Dissolved Activity Suspended Solids

Nuclide (uCi/ml) (uCi/m1)

Activation Nuclides:
2hpa 1.4 + 0.1(-3) [A] <1(-7)

_ Sice <1(-3) 1.1 + 0.2§-6;
ShMn 1.8 + 0.1(-5) [A] 8.3 + 0.8(-7
56Mn <3§ 3}[ ] * '
59Fe <2(-6 <3(-7)
57Co <2(-5) 6.3 + 2.1(-8)
58Co 5.0 + 0.4(-5) 4.1 + 0.1(-6)
60Co 3.0 + 0.5(-6) 1.02 + 0.03(-6)
65Zn <2(~6) <2(-7)

187y .<3$-5) <1(-6)

239%p <8(-4) 2.3 + 0.2(~6)

Iodine Nuclides:

1311 6.44 + 0.07(-3 . 7.4 ¢ 0.65-5;
1321 3.8 + 0.4(-3) A} 2.9 + 0.2(-5
1331 7.7 + 0.7(-3) [A 8.2 + 0.2(-5)
1347 <4(-3) [A] *

1351 7.2 + 0.6(-3) [A] 5.6 + 0.1(~5)

Fission Products:
88Rb 3.3 + 0.2(-1) [A] *
89Rb 5.2 + 1.4(-3) [A] *
957y <2$-5; 3.4 + 0.42-7;
9ISNb <7(-6 3.3 £ 0.3(-7
99Mo <2(-5) 1.2 + 0.35-7)

103py <4(-4 7.4 + 3.2(-8)
110mAg <4(-4 1.5 + 1.9(-7)
124gh <4(-4) 3.6 + 3.3(-8)
134Cg 1.63 + 0.01(-2) 7.1 + 0.2(-6)
136Cg 2.4 + 0.4(-5) <3(-7)

137Cs 1.89 + 0.02(-2 9.7 + 1.3(-6)
138Cs 2.7 + o.3§-2) Al *

13985 7.1 + 0.4(-2) [A] *

14085 <2(-3) : <2(-6)

140 5 <6(-4) 1.3 + 0.3(-7)
41Ce <3(-5) 9.1 + 2.2(-8)
143Ce <3(-4) <6(-6)

144Ce <2(~4) <4(-7)

* :.Sample not counted soon enough for these radionuclides.

[A] : Represents total activity (dissolved and suspended) in an unfiltered
sample. Filtrate counted too late to observe nuclide.
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TABLE A.13

STEAM GENERATOR BLOWDOWN ACTIVITIES

Before Refueling:

Generator A
09:40; 8/26/76

Generator B
09:40; 8/26/76

After Refueling:

Generator A
Start Sample:

14:30; 2/8/77

Time: 17.6 hours Volume: 211 Liters

Generator B
Start Sample:

14:20; 2/10/77

Time: 17.7 hours Volume: 212 Liters

Volume: 450 ml Volume: 450 ml Dissolved Suspended Dissolved Suspended
Total Activity Total Activity Activity Solids Activity Solids
Nuclide _(pCi/m) (uCi/ml1) (uCi/ml) (uCi/mi) (pCi/m1) (uCi/ml)
Activation Nuclides:
24Na * * <9§—1T; <4(-11) <6(-11) <6(-11) :
S1Cr * * <8(-10 4.0 + 0.5(-10) <6(-10) 3.9 + 0.8(-10)
ShpMn <1(-7) <1(-7) 1.0 + 0.5(-9) 3.0 + 0.2(-10) 6.2 + 0.6(-10) 7.5 + 1.9(-11)
59Fe * * <3(—10) 7.7 £ 1.7(-11) <2§-10) <2(-10)
57Co * * <2(-10) 6.0 + 4,2(-12) <5(-11) <2(-11)
58Co * i 3.57 = 0.095-9) 1.63 + 0.05(-9) 4.4 + 0.3(-10; 3.4 + 0.3(-10)
60Co <2(-7) <2(-7) 1.09 + 0.04(-9) 6.9 + 0.2(-10) 3.3 + 0.3(-10 3.1 + 0.3(-10)
Iodine Nuclides:
1311 <4(-8) <2(-7) 8.9 + 0.6(-10) 4.1 + 0.6(-11) 1.7 + 0.3(-10) <2(-11)
1331 * * <4(-10) <4(-11) <2(-10) <8(-11)
Fission Nuclides:
957 * * <4(-10 <2(-10) <2(-10) <1(-10)
9ISNb * * <3(-10 1.1 + 0.5(-11) <7(-1 <6(-11
99%Mo * * <2(-10 <9(-12) <5(-11 <2(-1
103Ry * * <3(-10 6.2 + 0.8(-11) <2(-10 <8(-11
1248h * * 2.8 + 1.1(-10) 4,5 + 1.2(-11) 9.0 + 10,1(-11) <7(-11)
134¢g <1(-7) <1(-7) 7.8 + 0.15-9) 3.5 + 0.2(-10) 2.32 + 0,08(-9) 6.3 ( 11)
136Cg * * 8.4 + 4.4(-11) <1(-10) <7(-11) <6(-11)
137¢s <1(-6) <1(-6) 1.23 + 0.02(-8) 5.1 + 0.2(-10) 3.61 + 0.08(-9) 1.4 + 0.4(-10)



TABLE A.13 (cont'd)

STEAM GENERATOR BLOWDOWN ACTIVITIES

86

Before Refueling:

Generator A
09:40; 8/26/76

Generator B
09:40; 8/26/76

After Refueling:

Generator A
Start Sample: 14:30; 2/8/77

Time: 17.6 hours Volume: 211 Liters

Generator B
Start Sample:

Time: 17.7 hours Volume: 212 Liters

14:20;5 2/10/77

Volume: 450 ml Volume: 450 ml Dissolved Suspended Dissolved Suspended
Total Activity Total Activity Activit, Solids Activit Solids -
Nuclide (uCi/m) (uCi/ml) (uCi/ml (uCi/m1) (uCi/m (uCi/m1)
Beta Only, Nuclides:
3K 1.7 £ 0.2(-5) * * *
14¢ <3(-8) _ * * *
32p <4(-8) * * *
55Fe 5.2 + 0.1 (-6) * * *
63N{ <8(-8g * * *
89¢gp <4(-8 * * *
930Gy <2(-8) * * *
91y <1(-8) * * *

* : Sample not analyzed for these radionuclides.




TABLE A.14

SPENT FUEL POOL ACTIVITIES
Power Operations - Before Refueling

Nuclide

54Mn
57Co
58Co
60Co
6571
957p
9I5Nb
93Mo
110mpg
1245

134Cg

1 36(:5

Spent Fuel Pool

Spent Fuel Pool

Temp: 78°F Temp: 75°F
10:49; 8/23/76 10:30; 8/31/76
(pCi/m1) {uCi/m1)
1.67 + 0.03(-5)  1.72 + 0.06(-5)
6.4 + 0.4(-6) 5.6 + 0.2(-6)
8.7 + 0.1(-4) 8.61 + 0.04(-4)

4.03 + 0.04(-5)
A(-6)

7.4 + 2.1(-7)
<4(-7)

9.2 £ 7.1(-7)
2.2 + 0.1(-6)
3.9 + 1.0(-7)
9.2 + 0.1(-5)
<5(-7)

1.93 + 0.02(-4)

4.18 + 0.06(-5)
1.1 + 0.2(-6)
<9(-7)

<4(-7)
<3(-7)

3.3

+

+

0.6(-6)
0.9(-7)
0.1(-5)
1.9(-7)
2.06 + 0.04(-4)

5.9

+

9.6

+

2.7

1+
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TABLE A.15

SAFETY INJECTION AND REFUELING WATER TANK ACTIVITIES

Durine Refueling

Before Refueling
: 10:04; 10/12/76
Nuclide (pCi/m1)

Activation Nuclides:

51Cr 2
54Mn 1
59Fe 7
57Co 2.
58Co 5
60Co 1
657n 2

Iodine Nuclides:
1311 7.5 + 0.2(-4)
Fission Products:

957y <2
95Nb <2
103py <4
.llomAg ]
124G} 2
13‘0(:5 'l
136Cs 8.
1 37cs 2
140Ba 9.0 +
l41Ce <2 -6;
luhCe <9(-6

Beta Only, Nuclides:

3H 9.25 + 0.04(-3)
14C 8.1 + 0.2(-7)
32p 6. +5.(-7)

355 4.9 + 1.2(-7)
45Ca <6(-8)

55Fe 2.23 + 0.02(-4)
63N . 1.09 + 0.02(-3)
895y 7.1 + 0.7(-7)
0S5y 8. + 2.(-8)

9ly 1.9 + 0.2(-7)
147pp 3.1 + 0.2(-7)

* : Sample not analyzed for these radionuclides.

After Refueling
14:25; 12/2/76 -
(uCi/m1)

1
I+ i i+
—
JE—p—

[wle)

ammd
. .

PO OAPN R

2OV N = )~
TSNS
A~ N
W P ¥
:

+ 1+ 4+
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After Fuel
Movement
Refueling
Cavity
09:45; 11/8/76
(pCi/m1)

(uCi/m1)

Cavity
18:00; 11/1/76

Refueling

Before Fuel
Movement

TABLE A.16
During Refueling

(uCi/ml)

Canal
18:30; 11/1/76

Before Fuel
Movement
Fuel Transfer

FUEL TRANSFER CANAL AND REFUELING CAVITY ACTIVITIES

Activation Nuclides:

Nuclide
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: Sample not analyzed for these radionuclides.

*




TABLE A.17

SPENT FUEL POOL ACTIVITIES
During Refueling

Refue11n3 Cavity

Fille

Refu$1?ng Cavity

Filled

Before Filling: Before Fuel After Fuel After Draining:
Refue11n3 Cavity Transfer Transfer Refueling Cavity
Temp: 67°F Temp: 58°F Temp: 59°F Temp: 57°F
10:05;5 10/14/76 11:05; 10/27/76 14:10;11/8/76 14:10; 12/2/76
Nuclide (yCi/m1) (uCi/ml) (pCi/m1) {uCi/mi1)
Activation Nuclides:
Sice <3(-6) " <5(-6) ) 7.6 + 2.5(-5 <7(-5)
54Mn 1.53 + 0.02(-5) 1.87 + 0.07(-5) 8.3 + 0.3(-5 8.2 + 0.2(-5)
59Fe <4(-6) <5(-6) 9.5 + 1.3(-6 <2(-5)
57Co 4.5 + 0.1(-6) 5.9 + 0.4(-6) 3.7 £ 0.1(-5) 4.2 + 0.2(-5)
58Co 5.07 = 0.062-4) 6.2 + 0.2 -4; 1.54 + 0.042-2g 1.38 + 0.04 -2;
60Co 4.53 + 0.05(-5) 5.0 + 0.1(-5 1.22 + 0.02(-4 1.48 + 0.03(-4
65Zn <4(-6) <4(-6) 2.2 + 0.9(-6) 5.7 + 1.9(-6)
Iodine Nuclides:
1311 <3(-7) <6(-7) <6(~6) <8(-6)
Fission Products:
95Zr <4(-5 <7$-5; <32-3) <2£-3g
95Nb <2(-5 <4(-5 <2(-4) <1(-3
103ph <8(-6 <1(-5) <1(-4) <1(-4)
110mAg 1.53 + 0.09(-6) 2.5 + 0.3(-6) 4.0 + 0.6(-6) 8.4 + 2.7(-6)
1248h 2.9 0.3§-7; 5.1 + 1.5(-7) 1.1 + 0.3(-6) 1.1 + 0.1(-5)
134Cs 8.2 + 0.1(-5 1.21 + 0.02(-4) 2.52 + 0.02(-3) 2.55 + 0.02(-3)
136Cg <2(-5) 2.3 £+ 0.7(-6 6.6 + 0.6(-5) 1.5 + 0.3(-5)
137Cs 1.87 = 0.02(-4) 2.53 + 0.05(-4) 2.71 + 0.05(-3) 2.63 + 0.04(-3)
140Ba <3(-5) <4§-5 1.3 + 0.4(-4) <42-4)
141Ce <3(-7) <2(-6 <6§-6) : <8(-6)
144Ce <2(-6) <6(-6 <3(-5) <4(-5)
Beta Only, Nuclides:
3H 7.20 + 0.03(-3) 7.32 + 0.05(-3) 9.21 + 0.05(-3) 9.12 + 0.04(-3)
14¢ 6.7 + 0.2(-7) 1.16 + 0.02(-6) 8.8 + 0.2(-7) 3. ¢+ 1.(-8)
32p. <2(-7) <1(-6) <4(-7) *
355 <2§-7) <2€-7) 5. + 2.(-7) 1.7 + 0.2(-6)
45Ca <6(-8) <6(-8) <6(-8) *
S5Fe 4.9 + 0.2(-6) 1.25 + 0.04§-5) 7.53 0.05§-5) 2.41 + 0.03(-5)
63Ni 2.55 + 0.02(-4) 2.79 .+ 0.04(-4) 9.74 + 0.03(-4) 1.02 + 0.02(-3)
835y <4(-8) <4(-8) 7.0 £ 0.4(-6) 6.8 + 0.3(-6)
905y <2(-8) <2(-8) 7.2 + 0.5(-7) 8.4 + 0.5(-7)
91y <1(-7) <8(-8) 2.92 + 0.,08(-6) 3.37 + 0.09(-6)
147pm 2.5 + 0.2(-7) 1.46 + 0.08(-7) 1.9 z 0.2(-7) 6.8 + 0.2(-7)

* : Sample not analyzed for these radionuclides.
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TABLE A.18
SPENT FUEL POOL ACTIVITIES

Power Operations - After Refueling

.

Temp: 55°F
08:45; 2/22/77
Dissolved Activity Suspended Solids

Nuclide (uCi/m1) (uCi/ml1)
Activation Nuclides:

54Mn 1.25 + 0.04(-5) 1.26 + 0.03(-6)
59Fe 1.7 + 0.3(-6) 3.4 + 0.2(-7)
57Co 7.3 + 0.3(-6) 4.5 + 0.4(-8;
58Co 1.38 + 0.02(-3) 7.0 + 0.2(-6
60Co 4.54 + 0.07(-5) 2.26 + 0.04(-6)
657n <2(-6) <2(-7)

Iodine Nuclides:

131] 3.31 + 0.05(-5) 1.7 + 0.1(-7)
Fission Products:

957r <1(-4) 7.5 + 1.55-8)
95Nb 1.1 + 0.4(-6) 8.2 + 0.9(-8)
99Mo <4(-7) <8(-9)

110MAg <2(-6 8.2 + 3.7%-8;
1245h <3(-6 1.8 + 0.6(-8
134Csg 7.6 + 0.2(-5) 4,5 + 0.3(-7)
136Cs <6(-5) 4.9 + 2.1(—8;
137Cs 1.38 + 0.02(-4) 6.1 + 0.2(-7
Beta Only, Nuc]ides:

M 8.94 + 0.03(-3)[A]

14C 1.8 + 0.1(-7)

55Fe 1.12 + 0.02(-4)

63N 3.42 + 0.02(-4)

89Sy 5.5 + 0.6(-7)

905y 1.7 + 0.2§-7g

91y 4.8 + 0.2(-7

[A]: Total activity, suspended solids activity not determined in_beta_ana]ysis.
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TABLE A.19

REACTOR COOLANT DRAIN TANK ACTIVITIES (TANK‘ND-1)
Power (lperations - After Refueling

09:15; 2/10/77
Dissolved Activity  Suspended Solids

Nuclide (uCi/m1) (pCi/mi)
Activation Nuclides:
24Na 1.18 + 0.03(-3) 1.1 £ 0.2(-5)
51Cy <6(-3) 7.0 + 0.7(-5)
S4Mn 1.56 + 0.06(-4) 2.27 + 0.05(-5)
56Mn <3(-4 <1(-6)
59Fe - <6(-6 1.12 + 0.06(-5)
57Co : 3.66 + 0 345-5; 3.1 + 2.9(-6)
58Co 3.46 + 0.04(-3 2.19 + 0.02(-4)
60Co : 8.77 + 0 zgé-sg 3.54 + 0.05(-5)
657n 1.78 + 0.60(-5 <5(-6)
187y 1.17 + 0.11(-3) 2.7 + 0.5(-5)
239Np <2(-3) <1(-3)
Iodine Nuclides:
131] 3.49 + 0.06(-2 8.31 + 0.08(-3)
1321 9.60 + 0.67(-4 9.1 + 0.8(-5
1331 1.99 + 0.03(-2 4.7 + 0.2(-3)
13'41 ) <7(_5) ' *
1351 3.09 + 0.09(-3) 8.9 + 0.2(-4)

Fission Products:

95Zr <1(-4) 4,2 + 0.4(-6)
- 95Nb <7(-5) _ 1.32 + 0.05(-5)
99Mo : 5.11 + 0.57(-5) 2.2 * 1.0§-6;
103Ry <6(-5) . 1.5 + 0.4(-6

110mAg 1.67 + 0.39(-5 <2(=-6)

124gh 8.34 + 1.05(-6 3.9 # 2.32-7;
134Cg 2.33 + 0.02(-3 2.2 + 0.1(-5
136Cg 2.70 = 0.482-5; <5(-6)

137Cg 2.98 + 0.04(-3 3.16 + 0.05(-5)
1393 <3(-5) *

140Ba <2§—4) <5(~6)

140{ a <3(-3) <7§—4)

141Ce <1(-5) <2 -6;

143Cce <1(-3; <4(-4

lu4ce <6(-5). <6(-6)
Beta Only Nuclides:

34 1.13 + 0.01(-1) *k

l4c <1(-7)

SSFe 1.54 # 0.025-4;

63N 5.39 + 0.02(-4

83gy 1.33 = 0.07§-5)

05y 1.38 + 0.09(-6)

91y . 8.3 + 0.9(-7)

* . Sample not counted soon enough for these radionuclides.
** : Syspended solids activity not determination in beta analysis.
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TABLE A:20

SPENT REGENERANT AND WASTE HOLDUP TANKS
_Power Operations - Before Refueling

- 50L

Spent Regenerant Spent Regenerant Spent Regenerant Waste Holdup HSL Analysis: Waste Holdup
_ Tank WD-13B Tank WD-13A Tank WD-13B Tank WD-48 Du;lﬂicate’Samp\e Tank WD-4A
10:48; 8/24/76  09:42; 8/26/76  11:50; 8/31/76  13:34; 8/24/76 11:40; 9/2/76  11:40; 9/2/76
Nuclide (uCi/m1) (uCiLmD (uCi/mi) JLCUm'I) (uCi/ml) (uCi/mi)
Activation Nuclides:
24Na . 2,5 + 0.9(-6) 2.9 + 0.3(-6) 3.4 + 0.3(-5) 4.9 + 2.4(-7) <3(-5)
51Cp 1.7 + 0.2(-5) <6(-4) <5(-4) <7(-4) <5(-2)
54Mn 6(53 + 0.07(-5) 1.65 + 0.07(-5) 1.20 + 0.06(-4) 8.0 * 1.2(-6) 4 + 2(-4) 1.7 + 0.8(-4)
59Fe 3,1 + 0.4(-6 <1(-6) 3.8 ¢ 2.62 5; <5§-7 <2(-4)
57Co 3.7 + 0.3(-6 1.2 + 0.6(-6) 1.0 + 0.1(-5 <8(-7 1.1 = 0.4(-3)
58Co 4,81 ¢ 0.052-4 2.96 + 0.01(-4) 2.74 + 0.012-4; 6.2 +0 1&-5) 2.60+0, oef 3} 1.4 ¢ 0.1§-3;
60Co 108 £ 0.01(-4) 2.3+ 0.1(-5) 6.74 + 0.06(-4) 6.1 + 0.4(-6) 1.8 + 0.7(-4) 2.6 £ 0.7(-4
65Zn 5.4 + 1.9(-6) <1 -s; 2.4 + 0,4(-5) <6(-7) <1§-4)
187y <2§-5) <7(-6 2.0 + 0.4(-4) - <4(-6) <4(-4)
239%p <2(-5) <4(-4) 3.6 + 1.8(-4)  <5(-4) 3.5 * 1.2(-3)
Iodine Nuclides:
1311 7.77 + o.o7§-4§ 6.80 0.072-33 1.65 0.01§-2; 5.06 + 0.07(-3) 1.21:0.04(0) 1.27 £ 0.01(0)
1331 1.43 + 0.03(-4) 2.72 + 0.02(-4) 1.26 + 0.01(-2) 6.9 + 0.2(-5) 2.29 + 0.01(-1)
1351 6.5 + 0.4(-5) <2(-6) 3.04 + 0.02(-3) <2(-6) 2.7 +0.4(-3)



TABLE A.20 (cont.)

SPENT REGENERANT AND WASTE HOLDUP TANKS
Power Operafions - Before Refueling

90L

Waste Ho1aﬁp ,

Spent Regenerant Spent Regenerant Spent Regenerant Waste Holdup - HSL Analysis:
Tank WD-138 Tank WD-13A Tank WD-138 Tank WD-4B Du?’l'lcate Sam 1e Tank wo aA
10:48; 8/24/76  09:42; 8/26/76  11:50; 8/31/76  13:34; 8/24/76 11:40; 9/2/ 11:40; 9/2/76
Nuclide (yC{[ml) (pCi/m) (uCi/m1) (uCi/m1) (ng/m]) iuc1zﬂg)
Fission Products:
95Zr 2.8 + o.sg-s <3(-6) <4§-5; <3§-6; <3§-4;
9SNb 3.1 + 0.4(-6 <1(-6) <2(-6 <1(-6 <1(-4
99Mo. 6.2 + 1.5(-6) 1.11 + 0.08(-5) 1.9 + 0.2(-5) 9.2 + 0.7(-6) 1.9 + 1.0(-3)
103Ry <7(-7) <2(-5) <2(-5) <6(-5) <2(-33
110mAg 2.0 + 0.3(-6) <2(-5g 8.6 + 1.5(-6) <6$-5) <2(-3
1248h <3(-7) <2(-7 <4(-7 <4(-7) <6(-5)
1265h 5.7 + 2.7(-7)  <2(-5) <5(-6 <5(-6) <2(-3)
1278h <1(-5) <4(-6) <1(-5) 1.8 + 0.6(-6) <3(-4)
134Cg © 3,32 £ 0.02(-4) 2.23 + 0.01(-3) 1.49 + 0.01(-3) 1.78 + 0.08(-3) 1.53+0.05(-1) 1.56 * 0. os( 1)
136Cg 5.32 + 0.08(-5; 2.00 + 0.04(-4) 3.95 o.oa(-4; 2.34 + 0.05(-4) 4.5 + 0.2(-2) 4.6 * 0.2(-2)
137Cs 3.48 + 0.01(-4) 2.57 + 0.02(-3) 1.49 + 0.01(-3) 1.86 + 0.06(-3) 1.62:0.05(-1) 1.47 % 0.05(-1)
140Ba <5(-6) <7(-5) <2(-5) <2(-4) <6(-3) A
140} 5 6.8 + 1.5(-7) 4.6 + 1.2(-7) <2§-7§ 1.1 + 0.2(-6) 6.7 + 2.9(=5)
141Ce <1(-6) <1(-6) <5(-6 <2(-6) <3(-4)
143Ce 4.7 + 1.0(-6) <1(-4) <1(-4§ 2.6 + 0.8(-6) <1(-2)
144Ce <6(-6) <6(-6) <2(-5 <6(-6) <1(-3)




L0L

LIQUID RADWASTE TANK ACTIVITIES
During Refueling

TABLE A.21

Waste Holdup

Waste Holdup

Waste Holdup

Spent Regenerant

Monitor Tank

LA

Tank WD-4A Tank WD-4B Tank WD-4C . Tank WD-13B WD-228
20:30; 10/11/76 -23:55; 10/11/76 16:00; 10/11/76 12:35; 10/13/76 07:30; 10/14/76
Nuclide (uCi/m1) {uCi/ml) {uCi/ml) (uCi/m1) {-uCi/ml)
Activation Nuclides:
24Na <3(-5) <2(-5) <8(-6) <4(-4) <4(-7)
Sicp <8(-3 1.4 +0,3(-4) 1.1 + 0.5(-4) 4.0 +0.7(-5) <6(-7)
S4Mn 1.18 + 0.07(-4) 4,04 + 0,04(-4) 6.45 + 0.08(-4) 3.04 + 0.04(-4) 4.2 + 0.3(-7)
59Fe <3$-5) 3.7 + 0.32-5; 6.9 ¢ 0.35-5) 1.40 + 0.04(-5) <2(-7)
57Co <4(-5) 1.3 + 0.4(-5 1.8 + 0.2(-5) 1.39 + 0.04(-5) 8.6 + 1.9(-8)
58Co 5.5 + 0.12-4; 8.2 + 0.15-3; 5.82 + 0.07(-3) 3.35 + 0.07(-3) 4,7 + 0.1(-6)
60Co 1.1 + 0.4(-4 2.5 + 0.2(-4 1.4 + 0.1(-4) 5.34 + 0.09(-4) 1.05 + 0.04(~6)
657n <3 -5; <2§-5; <2(-5) 8.5 + 0.8(-6) <2$-7;
187y <2(-4 <2(-3 8.0 + 2.0(-5) <5(-4) <1(-6
239Np <6(-3) <2(-3) <2(-3) <7(-5) <4(-7)
Iodine Nuclides:
1311 2.37 + 0.03(-2) 7.69 + 0.05(-3) 9.83 + 0.07(-3) 5.46 + 0.08(-4) 6.4 + 0.3(-7)
1331 <3$-3) <5(-4 1.2 + 0.5(-5 <4(-8) <A(-7)
1357 <2(-4) <4(-5 <6(=5) <8(-2) <1(-5)
Fission Products:
957y <6(-5 <6(-4; <4(-4) 5.3 + 0.8(-6) <6(-7)
9I5Nb <4(-5 <4(-4 <3(-4) 6.3 + 0.4(-6) <3(-7)
99Mo <4(-5 5.8 + 0.4(-5) 4.5 + 0.4(-5) 4.9 + 0.9(-6) <3 -8;
103py <3(-3 <5§-4§ <4§-4 <5(-5) <2(-7
110maq <3(-3 <5(-4 <4(-4 4.4 + 0.8(-6) <2(-7)
124gh <3(-3 5.3 + 1.9(-6) <4(-4 4.8 + 1.1(-7) <2(-7)
1265h <3(-3 <5(-4) 2.3 + 1.1(-5) <4(-5) <2}-7)
1275p <9(-5 2.6 + 1.2(-5) <7(-4) <4(-4) <8(-7)
134Cs 5.84 + 0.05(-4) 1.12 + 0.01(-2) 9.31 + 0.08(-3) 1.92 + 0.03(=3) 3.8 + 0.2(-6)
136(Cg 2.13 ¢ 0.03§-33 6.43 + 0.08(-4) 9.48 + 0.08(-4) 9.2 + 0.2(-5) 2.5 + 0.6(-7)
137¢s 5.92 + 0.08(-2 1.21 + 0.02(-2) 9.5 + 0.1(-3) 2.18 + 0.03(-3) 4,59 + 0.07(-6)
14083 <9(-3 5.7 + 1.7§-5g <2(-3) <2(-4) <7§-7;
1401 5 <4(-3 2.8 + 0.2(-5 3.0 + 0.2(-5) 1.80 + 0.04(-5) <3(-7
141Ce <7(-5 <2$-5; <2§-5§ <4§-6) ' <7(-8)
143Ce <2$-3g <6(-4 <4(-4 <3(-5) <2(-7)
14k ce <3(-4) <6(-5) <8(-5) 2(-5) <3(-7)




TABLE A.22

WASTE HOLDUP TANK ACTIVITIES (Tank WD-4A)

Power Operations - After Refueling

Nuclide
Activation Nuclides:

24Na
Sicrp
SkMn
S59Fe
57Co
58Co
60Co
657n
187y

Todine Nuclides:

. 131
133]
135}

Fission Products:

35Zr

95Nb

39M0
103Ry
110mAq
124gh
136(Cg
137¢Cg
14085

143Ce
l4kca

Beta Only, Nuclides:

3H
LT
6 3N4
BQSr
905r'
91y

10:40; 2/11/77

Dissolved Activity

Suspended Solids

Analyzed by HSL
10:40; 2/11/77
Total Activity

(uCim1) {uCi/ml) (pCi/mi1)
<1(-6 <3(-6)
<8{-4 <5(-4) .
1.29 + 0.03(-4) 6.6 + 0.1(-6) 1.7 + 0.2(-4)
<3(-6) 1.8 + 0.2$-6;
6.42 + 1.62(-6 4.9 + 3.9(-7
8.67 + 0.08&-4 6.25 + 0.072-5; 1.17 + 0.03(-3)
3.26 + 0.12(-5) 1.36 + 0.02(-5 4.4 + 0.4(-5)
<2(-5) 3.1 + 0.8(-7)
<3(-5' : <5§-6;
2.33 + 1.06(-4) <3(-4
9.44 + 0.05(-3) 2.54 + 0.09(-3) 1.4 + 0.2(-2)
2.20 + 0.29(-4) 6.9 + 0.2(-5)
<5(-6) <4(-5)
<2§-5 4.7 + 0.7(-7)
<9(-6 7.2 £ 0.7(-7)
4.42 + 3,13(-5) 2.7 + 0.5(-6)
<1(-4) 2.8 + 0.75-7;
1.13 + ].]]2-6) 5.6 + 1.0(-7
1.34 + 0.53(-6) 4.7 + 3.4(-8)
1.08 + 0.01(-2) 2.11 + 0.03(-5) 1.18 + 0.02(-2)
9.63 + 3.68(-6) <2(-6)
1.23 + 0.01(-2) '2.81 + 0.04(-5) 1.57 + 0.03(-2)
<4(-4) - <4(-6)
1.86 + 0.11(-5) 3.4 + 1.1(-7)
<7(-6) <3§-7;
<2(-4 <1(-4
7.31 + 2.02(-5) <2(-6)

Yok

** . Suspended solids activities not determined on these samples.
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TABLE A.23

SPENT REGENERANT TANK ACTIVITIES
Power Operations - After Refueling

Tank WD-13A Tank WD-13B
10:20; 2/11/77 09:11; 2/14/77
Dlssolved Suspended Dissolved Suspended
Activity Solids Activity Solids
Nuclide (uCi/m1) (uCi/ml) (uCi/mi1) (uCi/ml)
Activation Nuclides:
24Ng <6é—8) <4(-6) 2.61 + 0.09(-5) <8(-6)
51Cr 6) 3.2 + 0.4(-6) <4(-5) 5.9 + 0.4(-6)
ShMn 2.11 + 0.04(-5) 5.7 + 0.1(-6) 1.96 + 0.04(-5) 1.09 + 0.02(-5)
59Fe 6.7 £ 1.3(-7) 7.4 1 0.5§-7; 5.8 ¢ 1.3(-7; 1.3 ¢ 0.3§-6;
-57Co 2.8 + 0.2(-6) 2.3 + 0.3(-7 2.6 £ 0,2(-6 8.0 + 0.3(-7
58Co 3.07 + 0.07(-4) 3.09 + 0.082-53 3.36 + 0.06 -4; 1.12 + 0.032—4;
60Cq <6(-8) 1.16 + 0.02(-5 1.29 + 0.01(-5 2.22 + 0.04(-5
657n <1(~7) <5(-7) <1(=6) 2.2 + 0.7(-7)
187y <2(-5) <7(~6) 2.0 £ 0.3(-5) <2(-5)
239Np <4(-6) <4(-6) 5.3 + 1,9(-6) <9(-7)
Iodine Nuclides:
1311 3.07 + 0.06(-5) 1.56 + 0.06(-5) 4.89 + 0.06§-4g 1.09 + 0.08(-6)
1331 <3(-6) 2.4 + 0 6(-6) 3.22 + 0.06(~-4 <4(-6)
1351 <2(-7) 1.59 + 0.06(-4) <1(-4)
Fission Products:
95Zr <1(-5) 2.0 + 0.4(-7) <2§-5) 5.8 + -7)
95Nb <6(-6 4.0 + 0.5&-7; <8(-6) 1.0 + -6)
99Mo <2(-7 3.2 + 2.0(-8 5.6 + 4,1(-7) 8.9 1 -8)
103Ry <3(-6 <2§-7; <5(~6) <5(- 7)
110mAg 1.9 £ 1.1(-7) <2(-7 6.8 £ 1.2(-7) 1.1 + 0.1(-6)
1245 <3(-6 <2(-7) 2.4 + 0.8(-7) - <5(-7)
134Cg 2.52 + 0.02(-4) 1.5 + 0.1(-6) 2.35 + 0.02(-4) 6.2 + 0.2(-6)
136Cs <1(-6) <2(-6) 3.1+ 1.1(-7) <5(-6)
137Cs 3.05 + 0.04(-4) 2.14 + 0.07(-6) 2.87 + 0.03(-8) 8.5 + 0.2(-6)
14083 <1(-5 <52-7; <2§-5; <2(-6)
1401 3 <2(-6 <3(-6 <2(-5 <6(-7)
141Ce <4(-7; 5.0 & 1.85-8) <5(-7) <2§-7;
143Ce <1(-6 4,7 + 4,7(-6) 1.1 £ 1.1(-5) <3(~-7
lubCe <2(-6) <2(-7) <2(-6) 2.6 + 1.0(-7)
Beta Only, Nuclides:
3H 4.14 + 0.02(-3) Fek ek
14 2.5 + 0.1(-7)
55Fe 1.72 + 0.02 -4;
63Nj 8.57 + 0.02(-5
LY 5.0 + 0.7(-7
0S5y 1.5 + 0.3(-7
91y 4, + 2.(-8)

* : Sample not counfed soon enough for these radionuclides.
: Sample not analyzed for suspended solids.
*%k . Beta analysis not done on this sample.
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TABLE A.24

MONITOR AND HOTEL TANKS

Power Operations - Before Refueling

Nuclide

Activation Nuclides:

187y
2 39Np

Iodine Nuclides:

131]
133]

Monitor Tank

WD-22A
15:15; 8/24/76
(uCi/m1)

<2(-6

5.5 + 0.6(-7)
<2(-7)

<2(-7)

3.4 +0.1(-6)
8.2 + 2.6(-7)
<2§-7;
<4(-7

<2(-6)

1.42 + 0.02(-5)
5.9 + 1.9(-7)

Monitor Tank Monitor Tank Hotel Tank
WD-22B° WD-22B WD-15A
13:25; 8/24/76 08:17; 9/1/76 10:43; 8/24/76
{uCi/mi1) {uCi/m) (uCi/m)
<2(-6) <2(-6 <4(-7)
8.5 +0.7(-7) 2.7 +0.3(-7) 3.2 +0.5(-7)
<2§-7; <1(-7) <2(-7
<2(-7 <9(-5) <1(-7
5.0 + 0.1(-6) 8.8 + 0.4(-7) 1.42 + 0.08(-6)
7.4 + 1.7(-7) 5.9 + 0.4(-7) 5.9 + 0.7(-7)
<2$-7) <1(-7) <2(-7)
<4 -7; <2 -7;. <3 -7;
<1(-6 <1(-6) <3(-7
1.20 + 0.04(-5) 2.2 o.zi-sg 1.2 + 0.5(-7)
1.8 + 1.2(-7) 8.9 + 0.7(-7 <1(-7)
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TABLE A.24 (cont.)

MONITOR AND HOTEL TANKS

Power Operations - Before Refueling

Nuclide

Monitor Tank
WD-22A

15:15; 8/24/76
(uCi/m)

Fission Products:

35Zp
9ISNp
39Mo
103py

llomAg

12b5b
1268h
127Sb
134Cg

137cs

1408,
lhoLa

141ce
143Ce
lkhce

1.11 + 0.05(-6)
<1(-7)

1.4 + 0.2(-6)
<8(-7

A

-
o~~~

1
ANND
P et et S S

Monitor Tank
WD-228

13:25; 8/24/76
(pCi/mi1)

Monitor Tank
WD-228
08:17; 9/1/76
(uCi/mi)

AAAAAAAA
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~J 00 00 00 ~J U1 30 ~J
1 e s
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NN
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Hotel Tank
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10:43; 8/24/76
(uCi/m1)




TABLE A.24A

MONITOR TANK ACTIVITIES

Lomparison Between INEL and OPPD Measurements

Tank WD-22A Tank WD-228B
INEL OPPD INEL OPPD
15:15; 8/24/76 15:10; 8/24/76 13:25; 8/24/76 13:20; 8/24/76

Nucl ide (uCi/m) {(uCi/m1) (uCi/m1) (uCi/m1)
Activation Nuclides:

S1Cp <2(-6) 1.7 + 0.5(-6) <2(-6) <1(-6)

StMn 5.5 + 0.6(-7) 8.3 + 0.5(-7) 8.5 + 0.7(-7) 7.9 + 0.6(-7)
59Fe <2§-7) <82-8) » <2(-7) <7(-8)

57Co <2(-7) <9(-8) <2(-7) <1(-7)

58Co 3.4+ 0 1(-6? 4.6 £ 0.1(-6) 5.0 + 0.1(-6) 5.6 +-0.1(-6)
60Co 8.2 + 2.6(-7 6.0 + 0.5(-7) 7.4 +1.,7(-7) 6.6 + 0.6(-7)
65zn  <2(-7) <8(-8) <2(-7) <7(-8)

Iodine Nuclides:

131]
133]

1.42 + 0.02(-5)
5.9 +1.9(-7)

Fission Products:

QSZr
95Nb
99M°
103Ru
124ghH

13“CS
136Cs

137Cs

lkoLa

1u1c€

<2(~7)

<1(-7)

<2(-7)

<2(-7)

<2(-7)

1.11 + 0.05(-6)
<1(-7)

1.4 + 0.2(-6)
<8 -7;

<1(-6

<4(-7)

1.57 + 0.02(-5)
<9(-8)

<8(-8)
<4(-8)
<3(-8)
<8(-8)

1.03 + 0.07(-6)
<6(-8)
1.56 + 0.07(~6)
<2(-7
<3(-8
<2(-7)

N2

<3(-7)
<1(-7)
<2(-7)
<2(-7)
<2(~7)
3.7 + 0.2(-6)
7.1 + 0.6(-7)
4.1 + 0.2(-6)
<9$-73
<8(-7
<3(-7)

1.25 + 0.02(-5)
<2(-7)

[}
NONKH I+ ONONN
e e S S S



TABLE A.24A (cont'd)

MONITOR TANK ACTIVITIES

Comparison Between INEL and OPPD Measurements

Tank WD-22B Tank WD-22B
INEL OPPD INEL OPPD
08:17; 9/1/76 08:17; 9/1/76 07:30; 10/14/76 07:30; 10/14/76
Nuclide (uCi/ml) (uCi/ml) (pCi/m1) (uCi/ml)
Activation Nuclides:
Sicp <2(-6) <2(-6) <6(-7) <8(-7)
S4Mn 2.7 £ 0.3(-7) 2.7 + 0.4(-7) 4.2 + 0.3(-7) 4.7 + 0.5(-7)
59Fe <1(-7) <6(-8) <2(-7) <8(-8)
57Co. <9(-5) 1.4 + 0.2§-6g 8.6 * ].92-8 3.2 + 0.5§-7;
58Co 8.8 + 0.4(-7) 9.7 + 0.6(-7 4.7 + 0.1(-6 4.9 + 0.1(-6
60Co 5.9 + 0.4(-7) 2.9 + 0.3(-7) 1.05 + 0.04(-6) 8.5 + 0.6(-7)
657n <1(-7) <6(-8) <2(-7) <9(-8)
Iodine Nuclides:
1311 2.2 + 0.2(-5) 2.34 + 0.02(-5) 6.4 + 0.3(-7) 7.3 + 0.7(-7)
1331 8.9 + 0.7(-7) 7.8 + 0.6(-7) <4(-7) <1(-7)
Fission Products:
95Zr <1(-7) <5(-8) <6(~7) <9(-8)
95Nb <5(-8) <4(-8) <3(~-7) <5(-8)
990 <8(-5) <7(-8) <3(-8) <4(-8)
103Rpy <](-7; <8 -8; <2§-7; <]$-7)
1248h <9(-8 <6(-8 <2(-7 <6(-8)
134Cs 2.87 + 0.08(-6) 2.60 + 0.09(-6) 3.8 + 0.2(-6) 3.8 + 0.1(-6)
136Cg 3.5 + 0.3(-7) 2.8 + 0.4(-7) 2.5 + 0.6(-7) 2.1 + 0.6(~7)
137¢Cs 3.37 + 0.07(-6) 2.9 + 0.1(-6) 4.59 + 0.07(-6) 4.6 + 0.1(-6)
1405 <4(-7) <3(-7) <7(-7) <3(-7)
140) 5 <9(-7) <3(-8) <3(-7) <3§f8§
41Ce <2(-4) <5(-7) <7(-8) <3(-7
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TABLE A.25

HOTEL TANK ACTIVITIES

Power Operations - After Refueling

Tank WD-15A

12:04;

217777

Tank WD-15B
13:15; 2/15/77

Dissolved Activity Suspended Solids Dissolved Activity Suspended Solids

Nuclide (uCi/m1) (uCi/m1) _(uCi/m1) (uCi/m1)
Activation Nuclides:

Sicp <5(-7) <8(-8 <1(-6) <1(-7)

StMn 7.2 £ 6.1(~8) 1.07 + 0.09(-7) 3.1 + 0.4(-7) 1.0 + 0.1(-7)

59 e <1(-7) <1§-7) <1§-7) <3(-8)

57Co <3(-7) <4(-7) <1(-6) <5(-8)

58Co 1.76 + 0.08(-6) 5.3 ¢ 0.2&-7) 1.7 ¢ 0.15—63 5.9 + 0;2$-7)
60Co 2.1 & 0.4(-7) 1.7 + 0.1(-7) 3.1 + 0.5(-7 2.2 + 0.1(-7)
65Zn <1(-7) <9(-8) <9(-8) <8(-8)

187y <3(-7) <2§-7; <5(-7) <2§-7)
239\p <3(-7) <6(-8 <8(-7) <8(-8)

Iodine Nuclides:

1311 2.5 + 0.6(~7) 1.7 + 0.5(-8) <12-7% 3.5 + 0.7(-8)
13371 <2(-7) <6(-8) <4(-7 <6(-8)
Fission Products:

95Zr <2(-7) <8(-8) <3(-7) <7(-8)

95Nb <9(-8) <5§-8) <1£-7) <4(-8)

99Mo <3(-7) <3(-7) <1(-6) 4.4 + 2,4(-8)
103Ry <2€-7) <3(-8) <4(-7) <5(-8)

110MAg <2(~7) <3(-8) <4(-7) <5(-8)

124gp <2§-7) <3(-8) <4(-7) <5(-8)

134Cg 9.5 + 0.2(-6) 1.7 + 0.1(-7) 3.41 + 0.06(-5) 3.5 + 0.1(-7)
136Cg <9(-8) <5(-8) <1(-7) <4(-7)

137Cg 1.12 + 0.02(-5) 2.2 + 0.1(-7) 4,16 + 0.05(-5) 5.1 + 0.3(-7)
140Ba <8(-7) <1(-7) <2(-6) <2(-7)

1401 3 <2(-73 <4 -8; <2£-7) <5(-8)

141Ce <2(=7 <6(~-7 <2(-6) <9(-8)

143Ce <1(-7; <2(-8) <3é-7) <9(-8)

144Ce <6(-6 <3(-6) <9(~6) 7.6 + 3.8(-7)
Beta Only, Nuclides:

3H 4, + 1.(-6) *k 8. + 1.(-6) *%

14¢ 1.6 0.1&-7) 1.13 + 0.02(-6)

55Fe 2.0 + 0.1(-6) 3.0 + 0.1(-6)

63N 2.0 + 0.2(-7) 2.0 0.12-6)

895y 3. + 1.(-8) 1.3 + 0.9(-8)

905y <1(-8§ <8$-9)

91y <2(-8 <2(-8)

** : Sample not analyzed for suspended solids.
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Power Operations -~ After Refueling

TABLE A.26
MONITOR TANK ACTIVITIES

Beta analysis not done on sample.

Tank WD-22A Tank WD-22B
INEL 0PPD OPPD
‘ 08:49; 2/19/77 08:50; 2/19/77 09:30; 2/10/77 09:25; 2/10/77

Nuclide (uCi/ml) (uCi/ml) j {uCi/ml1)
Activation Nuclides:

SiCr <7(-7) <7(=7) (-6) <2(-6)

S4Mn <2(-7) 1.0 + 0.2(-7) 2.0 + 0.2(-7) 2.9 + 0.3(-7)

59Fe <2(-7) <4(-8) <6(-8)

57Co <5(-8 <8(~8) <2(-7)

58Co 1.45 + 0.06(-6) 1.61 + 0.07(-6) 3.3+ 0.1%-6;

60Co 3.9 + 0.4(-7) 1.2 + 0.2(-7) 2.2 + 0.3(-7

657n <2(-7) <5(-8) _ <7(-8)

187y - <4(-7) * *
239Np S5(-7) * *
Jodine Nuclides:

1311 5.2 + 0.5(-7) 5.0 + 0.6(-7) 4.1 + 0.8(-7)
133] <7(-7) <8(-8) <2(-7)
Fission Products:

957r <3(-7) <6(-8) “<1(-7)

95Nb <2(-7) <3(-8) <5(-8)

99Mo <4(-8) <2(-8) <3(-8)

103py <2(—7; <8(-8) <2(-7)

110mAg <2§-7 * *

1245} <2(-7) <6(-8) <6(-~8)

134Cg 3.25 + 0.07(-6) 3.4 + 0.1(-6) 7.0 + 0.1(-6) 8.7 + 0.2(-6)
136Cg <2(-7 <5(-8) ) <5(-8)

137Cs . 4.1 + 0.1(-6) 4.3 + 0.1(-6) 1.04 + 0.02(-5)
14083 <6(-7 <2(-7) <3(-7)

140] 5 <4(-7 <3 -8; 9.2 + 4.0(-7) <3(-8

141Ce <8(-8 <2(-7 <2(=-7

luace <2 -7 * *

1k4Ce <4§-7§ * *
Beta Only, Nuclides:

3H ok sk kX

)

6 3Ni

QQSr

QOSr

91y
* Radionuclide not determined by OPPD.
L 2 o XY
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TABLE A.27

MONITOR TANK WD-22B ACTIVITIES WITH VARYING TANK LEVEL
Power Operations - After Refueling

Prior to Release Start of Release Middle of Release " End of Release
Tank Level: 89 inches (5930 gal) Tank Level: 77 inches Tank Level: 37 inches Tank Level: 21 inches
INEL oPPD (5130 gal) (2470 gal) (1400 gal)
08:41; 2/14/77 08:10; 2/14/77 11:15; 2/14/77 12:40; 2/14/77 13:15;5 2/14/77
Nuclide (pCi/m1) (uCi/m) (uCi/ml) (uCi/mi) _(uCi/m1)
Activation Nuclides:
S1cp <7(-7) <2(-6) <1(-6) <2(-6) 5.5+ 2.3(-7)
S4Mn 2.7 + 0.3(-7) 2.3 £ 0.3(-7) 1.6 + 0.4(-7) 2.7 + 0.6(-7) 1.9 + 0.3(-7)
59Fe <2(-7) <5(-8) <3(-7) <3(-7) 1.3 + 0.5(-7)
57Co <4(-8) <2(-7) <9(-8) <6(-8) <3(-6)
58Co 2.62 + 0.08(-6) 3.6 + 0.1(-6) 2.5 + 0.2(-6) 2.2 + 0.1(-6) 1.94 + 0.08(-6)
60Co 3.9 + 0.5(-7) 3.5 + 0.4(-7) 4.5 + 0.4(-7) 3.9 + 0.9(-7) 3.3 £ 0.5(-7)
65Zn <2 7 <7(-8) <3(-7) <32-7 <2§-7;
187y é 73 * <1$-6; <8(-7 <6(-7
239p * <7(-7 <1(-6 <8(-7)
Todine Nuclides:
1311 5.0 £ 0.7(-7) <2(-7 6.7 + 0.6(-7) 4.7 + 0.8(-7) 5.8 + 0.7(-7)
1331 <2(-7) <2(-7 <2(-6) <7(-7) <7(-7
Fission Products: .
57y <3(-7; <92-8g 1.9 + 0.6(-7) <4(-7) <3(-7)
I5Nb <2(-7 <6(-8 <3(-7) <3(-7) <2(-73
99Mo 1.7 + 1.6(-8) <4§-8) <8(-8) <6(-8) <2(-6
103Ry <2(-7) <2(-7) <7{-7) <3 -73 <3(~7
110MAq <2(-7) * <7(-7) <3(-7 <3(-7
1245h <2(-7) <6(-8) <7(-7) <3(-7) <3(-7
134Cg 4,1 + 0.1(-6) 8.6 + 0.2(-6) 4.5 + 0.2(-6) 4.5 + 0.2(-6) 4,3 + 0.1(-6)
136(Cg <2(-7) <4(-8) <3(-7) <3(-7 <2(-7) :
137Cs 5.2 + 0.1(-6) 1.10 + 0.02(-5) 5.2 + 0.4(-6) 5.3 + 0.2(-6) 5.4 + 0.2(-6)
1403 <8(-7) " 1<4(-7) <3(~6) <2(-6) <2(-6
140 3 <3§-7; ‘<32-8g <5(-7 <7(-7) <5(-7)
h1ce <6(-8 <3(-7 <2(-7 <1(-7 <4(~6
143Ce <2(-7) * <3(-7 : <4(-7 <3(-7
libca <3(-7) * <7(-7) <5(-7 <2(-5

* : Radionuclide not determined by OPPD.




TABLE A.28
EVAPORATOR PROCESSING WASTE HOLDUP TANK WD-4B

Evaporator Evaporator
Waste Holdup WD-4B Distillate Concentrate
13:34; 8/24/76 13:43; 8/25/76 13:43; 8/25/76
Nuclide (pCi/m1) (uCi/mi) (pCi/mi1)
Activation Nuclides:
24Na 4.9 + 2.4(-7) <6(-8) 5.9 + 1.2(-5)
51Cp <7(- 4) <2(- 6) <3(-2)
54Mn 8.0 + 1.2(-6) 3.1 + 0.5(-7) 7.7 £+ 0.5(-4)
59Fe <6§ -7) <1(-7) <1(-4)
57Co <8(-7) <3(-4) <1(-4)
58Co 6.2 + 0.1&-5; 1.04 + 0.04(-6) 1.68 * 0.01%-2;
60Co 6.1 + 0.4(-6 5.2 + 0.3(-7) 1.57 + 0.07(-3
657n <62-7; <1§-7; <9(-5)
187 <4(-6 <3(-7 <7(-4)
239p <5(-4) 5.8 + 2.6(-7) 7.9 + 5.6(-4)
Iodine Nuclides:
1311 5.06 + 0.07(-3) 2.82 + 0.04(-5) 8.07 + 0.03(-1)
1331 6.9 + 0.2(-5) <9(-8 8.6 + 0.5(-3)
1351 <2(-6) <2(-7) 4.6 + 1.2(-4)
Fission Products:
35Zr <3(-6) <2(-7) <4(-4)
I5Nb <1(-6) <8 -8; <2(-4)
99Mo 9.2 + 0.7(-6) <3(-4 9.1 + 1.1(-4)
10 3py <62-5; <8 -8; <4$-3g
110mpg <6(-5 . <8(-8 <4(-3
124gh <4$-7; <8(-8) - <2$-5;
126gh <5(-6 2.0 + 0.5(-7) <3(-3
127gp 1.8 + 0.6(-6 <2(-7 <5(-4)
134Cg 1.78 + 0.08(-3) 1.32 + 0.06(-6) 3.37 = 0.01(-1)
136Cg 2.34 + 0.05 -43 <8(-8) 2.90 0.025-23
137Cg 1.86 = 0.06(-3 1.68 + 0.06(-6) 3.81 = 0.02(-3
140Ba <2(-4) < z- <12-2;
1501 3 1.1 + 0.2(-6) <1(-6 <1(-5
141ce <2(-6) <5(-4 <2(-4)
143Ce 2.6 + 0.8(-6) <62-7 1.5 + 0.4(-3)
1kkCe <6(-6 <9(-4)

6(-6) <5(-6
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EVAPORATOR. PROCESSING SPENT REGENERANT TANK WD-13A

Nuclide

Activation Nuclides:

51Cr
5QMn
57Co
GOCO
187”

239Np

Iodine Nuclides:

1311
133]
135]

Fission Products:

35Zr

95Nb

39Mo
110mAg
1245b
126}
1275
134Cg
136CS

137CS
IMOBa

141Cce
143Ce

pid
<1(-5

Evaporator Evaporator

Spent Regen WD-13A DistilTate - Concentrate
09:42; 8/26/76 09:28; 8/26/76 09:28; 8/26/76

(uCi/m1) (uCi/ml) (uCi/m1)
2.9 + 0.3(-6) <2§-7; 9.9 + 3.3(-5)
<6(-4 <4(-6 <6(-2)
1.65 + 0.07(-5) 2.0 + 1.3(-7) 2.1 = 1.5(-4)
<1(-6 <3(-7) <2(-4)
1.2 + 0.06(-6) " <4(=-5) 1.6 £ 1.6(-3)
2.96 + 0.01(-4) 8.9 + 1.7(-7; 1.45 + 0.02(-2;
2.3 £ 0.1(-5) 5.8 + 1.5(-7 1.36 + 0.06(-3
'<1§-6 <3§-7) <2$-4)
<7(-6 <7 -73 <7(-4)
<4(-4 <3(-6 <4(-2)
6.80 + 0.07(-3; 2.13 + 0.08(-5) 8.32 + 0.04(-1)
2.72 + 0.02(-4 <5(-7) 8.1 + 0.5§-3)
<2(-6) 2.7 +4.0(-6) 1.2 + 0.2(-3)
<3(-6) <4(-7) <5(-4)
<1(-6) <2(-7) <2(-4)
1.11 + 0.08(-5) <5(-5) 7.3 = 1.5(-4)
<2(-5) <5(-7) <3(-3)
<2$-5; <5(-7) <32-3)
<2(-7 <5(-7) <7(~5) -
<2§-5; <5§-7 <3£-3)
<4(-6 <5(-7 <6(-4)
2.23 + 0.0]{-3) 2.7 + 0.4(-6) 3.48 + 0,02(-1)
2.00 + 0.04(-4) <2(-7) 2.96 + 0.06(-2)
2.57 + 0.02(-3) 2.7 £ 0.5(-6) 3.86 + 0.03(-1)
<7(-5) <2(-6) <1(-2)
4.6 +1.2(-7) <2(-6) <3(-5)
<1(-6) <8(-5) <3(-4)
<1(-4g <1(-2;
<6(-6 <1(-3
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TABLE A.30

EVAPORATOR PROCESSING SPENT REGENERANT TANK WD-13B

Nuclide

Activation Nuclides:

59Fe
57Co
58Co
60Co
657n
187

Iodine Nuclides:

1311
1331
1351

Fission Products:

357y
95Nb
39Mo
103py
llomAg
12u4gh
1265b
127gp
134cg -
136Cg
137cs
l“oLa

lhkce

Spent Regen WD-13B

11:50; 8/31/76
~ (uCi/m1)

Evaporator
Distillate
13:45; 8/31/76

_ (pCi/m1)

Evaporator
Concentrate
13:40; 8/31/76
(uCi/m1)

—d

n

o
W W+
coco
s
e X=X=}
N =t =
A"\A
w NN
st gt et

<2(-5
B.é ¢)1.5(-6)
<4(-7

[ NN
QOO

et e [ (e [ S

1.79 + 0.03(-6)

A
N~

] 1
H+ PO
o

A= ANW—ANA
—e o e
W
~

N .

19



TABLE A.31

SCRAPINGS FROM RADWASTE EVAPORATOR BUNDLE
Duvthey Refueling

Inlet - Outlet End U-Tube End
11:30; 10/13/76 11:30; 10/13/76
Nuclide (uCi) (uci)
Activation Nuclides:
2UNa <6(-2) <3(-2)
5icp 5.5 + 1.3(-2 1.4 + 0.7(-2)
54Mn 1.33 = 0.02(0) 1.64 + 0,03(0)
59%Fe 1.4 + 0.1(-2 3.0 + 0.6(-2)
57Co 3.86 + 0.06(-2) 3.98 + 0.08(-2)
58Co 4.93 0.06(0; 5.2 + 0.1(0)
60Co 1.36 + 0.01(0 1.21 % 0.02(0)
657n 1.7 + 0.2(-2) 2.3 £ 0.7(-2)
187y <4(-1) <7(-1)
239%p <2(-2) <6(-3)
Iodine Nuclides:
1311 2.3 + 0.5(-2) 3.1 0.5(-3;
1331 <2(-1) 3.3 + 0.9(-3
135] _ <2(-1) <9(-2)
Fission Products:
957r. 5.6 + 1.7&—3) 7.2 +2.2(-3)
935Nb 1.0 + 0.2(-2) 8.7 + 1.6(-3)
99Mo <2§-3) <2(-3§
103y <2(-1) <4(-2
110mag 1.7 £+ 0.3(-2) 2.3 £ 0.3(-2)
124gh 2.5 + 0.6(-3) 3.5 + 0.8(-3)
1265 <2§-1; <4§-2;
127gh <3(-1 <6(~1
134Cs 3.04 = 0.09(0) 1.50 + 0.03(0)
136Cg 2.6 £+ 0.2(-2) 7.0 + 1.9(-3)
137cg 3.71 + 0.05(0) 1.87 + 0.02(0)
140Ba <6(-1) <2(-1)
140 5 1.8 + 0.4(-3) 2.1 ¢ 0.5(-3)
4lce <3(-3§ <3(-3)
143Ce <7(-3 6.8 + 4,2(-3)
14kCa <2(-2) <2(-2)
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TABLE A.32

EVAPORATOR FUNCTION TEST
Feed Samples: Spent Regenerant Tank WD-13A

Sample 144** First Process Sample
Prior to Test Tank Level: 70" (4570 gal)
Tank Level: 80" (5330 gal) 10:30; 2/18/77
07:30; 2/18/77 Dissolved Suspended
Total Activity Activit Solids
Nuclide (pCi/m1) ngj/ml{ (uCi/ml)
Activation Nuclides:
24Na 1.6 + 0.2(-5) 1.3 £ 0.1(-5) *
Slge 7.2 + 0.9(-5) <2(-4) 7.68 + 0.092-5)
54Mn 3.19 + 0.07(-5) 2.08 + 0.06(-5) 1.29 + 0.03(-5)
59Fe 7.4 + 0.7(-6) <2(-6) 9.2 + 0.2(-6)
57Co 2.2 + 0.7(-6) 2.7 £+ 1.1(-6 6.9 + 0.3(-7)
58Co 5.82 + 0.07(-4) 3.67 + 0.03(-4) 2.25 + 0.04(-4)
60Co 2.8 + 0.2(-5) 9.5 + 0.8(-6) 1.91 + 0.02(-5)
657n <3(-6) <2§-6) 3.8 + 0.7(-7)
187y <9§-5; <3(-5) <32-5;
23%p - <2(-4 4.1 + 1.5(-5) <3(-6
Iodine Nuclides:
13171 1.11 + 0.02(-3) 8.89 + 0.15(-4) 1.05 + 0.03(-5)
1331 2.19 + 0.07(-4) 1.73 + 0.16(-4) *
135] <5(-5) <3(~6) *
Fission Products:
957y 4.0 + 1.0(-6) <2(-5) 3.3 + 0.4(-6)
95Nb <3(-5 <8 -6; 4.6 + 0.5&-6?
99Mo <2(-6 <2(-6 2.9 + 1.0(~6
103py <7(~5) <6(-~5) 9.6 + 1.0(-7)
110mAg 5.2 + 0.7$-6 <6{-5 3.7 + 0.1(-6)
1248h 6.5 + 4.2(-7 <5(-5 2.0 + 0.3(-7)
134Cg 1.47 + 0.02(-3) 1.20 + 0.01(-3) 2.09 + 0.06(-5)
136Cg <3(-5) 2.1 + 1.6(-6) 3.6 + 0.4(-7
137Cs 1.72 + 0.02(-3) 1.44 + 0.02(-3) 2.78 + 0.05(-5)
140, <3(-4) <2( 4) 1.9 + 2.1(-6)
1401 5 <9 -5; <7(-5 1.6 + 0.35-63
141Ca <3(-6 <4(-6 5.1 + 0.3(-7
143Ce <5 -5; <4(-5 <9(-7)
l44Ca <1(-5 <2(~5 8.2 + 2.4(-7)
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Feed Samples:

TABLE A.32 (cont'd)
EVAPORATOR FUNCTION TEST

Spent Regenerant Tank WD-13A

Second Process Sample

Tank Level:

60" (4000 gal)

12:50; 2/18/77

Dissolved Act1v1ty

Suspended Solids

Third Process Sample

Tank Level:

50" (3330 gal)

16:00; 2/18/77

Dissolved Act1v1ty

Suspended Solids

Nuclide (uCi/ml) _(uCi/m1) (uCi/ml) (uCi/m1)
Activation Nuclides:
24Na 1.3 £ 0.1(=5) * <3(-6) <7(-6)
S51Cp <2(-4) 6.01 + 0.07(-5) <2(-4) 6.3 +0.2(-5)
S4Mn . 2.03 + 0.05(-5) 9.7 + 0 3(-6) . 1.96 + 0.07(-5) 1.01 + 0.02(-5)
59Fe <3(- 6) 7.47 + 0.08(-6) <4§-6§ 6.8 + 0.4(-6)
57Co 2.7 + 0.7(-6) 4.9 +0.2(-7) <2(-6 5.6 + 0.4(-7)
58Co 3.90 + 0.06(-4) 1.66 + 0.03(-4) 4.06 + 0.08(-4) 1.75 * 0.04&-4)
60Co 1.1 £ 0.2(-5) 1.43 + 0.02(-5) 1.06 + 0.07(-5) 1.47 + 0.03(-5)
657n <2( 6) 1.7 £ 0.6(-7) <3§-6§ » 4.0 +1.3(-7)
187y 5; <6(-6) <6(-5 <3(-5)
239Np 5 o : 4 3 1.4 + 0.7(-6) 6.7 + 3.3(-6) <2(-6)
Iodine Nuclides:
1311 1.12 + 0.01(-3) 8.7 + 0.1(-6) 1.08 + 0.02(-3) 1.00 + 0. 02( 6)
1337 1.9 + 0.1(-4) <8(-7) 1.67 + 0.04(-4) 1.9 * 0 4(-6)
1351 <1 (_5) * <8(-5) *
Fission Products:
957 <3(-5) 2.3 + 0.3(-6) <3(-5) 2.5 £ 0.2(-6)
95Nb <2(-5) 2.7 + 0.3(-6) <2(-5) 2.8 + 0.3(-6)
9%o <1§-6; 2.3+ 0.7 7; <2é-6; 2.6 + 0.45-7;
103py <3(-5 7.6 + 0.8(-7 <3(-5 7.6 +1.5(-7
110mpg 2.0 £ 0.4(-6) 3.1 +0.2(-6) 6.1 + 1.9(-6) 3.0 + 0.1(-6)
124gh <3(-5) 1.6 + 0.2(-7) <3(-5) 1.6 + 0.4(-7)
134(Cg 1.30 + 0.02(-3) 1.39 + 0. 03( 5) 1.36 + 0.02(-3) 1.90 + 0.05(-5)
136Cs 4,2 + 4,7(-7) 4.0 + 0.9(- <2(-5) <7(~6)
137¢s 1.52 + 0.02(-3) 1.8 =0 02(-5) 1.62 + 0.02(-3) 2.47 + 0.03(-5)
140Ba <1(-4) <2§-6) <2(—4; <2(-6)
140f 3 <9(-5) <6(-6) <9(-5 <8(-7)
141Ce <2$-6; 5.4 .+ 1.7(-8) <4§ 6; 3.6 + 0.5(-7)
143Ce <2(-5 <4(-7) <5(-5 <4(-7)
l44Ce <9(-6) 4.9 + 1.4(-7) <2(-5) 9.0 +2.6(-7)

: Sample not counted soon enough for these rad1onuc11des

** Sample not filtered.
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TABLE A.33

EVAPORATOR FUNCTION TEST
Evaporator Distillate Samples (Feed: Spent Regenerant Tank WD-13A)

First Process Sample
10:20; 2/18/77

Dissolved Activity Suspended Solids

Nuclide (pCi/ml) (uCi/m1)
Activation Nuclides:
24Na <8(-9) <1(-8)
51Cy <7(-8) <2(-8)
54Mn 2.2 + 0.5(-8) 9.0 + 1.1(-9)
59Fe <3(-8) <1(-8)
57Co 1.0 2 0.25;8) <1(~-9)
58Co 7.1 £ 0.1 -7; 7.7 + 0.3(-8)
60Co 5.3 + 0.4(-8 3.4 + 0.2(-8)
657n <3(-8; <1§-8;
187y <1(-7 <2(-8
239Np 1.3 £ 1.1(-8) <1(-8)

TIodine Nuclides:

1311
133]
135]

Fission Products:

357y

95Nb

99Mo
10 3Ru
llomAg
12u$b
136Cg
137¢g
. 140Ba
14 OLa

14 3Ce
].IUOCe

1.28 + 0.06(-7)
1.7 £ 1.0(-8)
<7(-8)

<5(-8)
<3(-8
<5(-9
<3 -8;
<3(-8
<3(-8)
3.7 £ 0.1(-7)
<3(-8

4.8 + 0.1(-7)
<8 )

<4(-8)
<8(-9)

]
<4(-8
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5.3 + 0.9(-9)
<6(-9)
<7(-8)

<2(-8)
<6(-9)



‘TABLE A.33- (cont'd)
EVAPORATOR FUNCTION TEST

Evaporator Distillate Samples (Feed: Spent Regenerant Tank WD-13A)

Third Process Sample
: 15:50; 2/18/77
Dissolved Activity Suspended Solids

Second Process Sample
13:40; 2/18/77
Dissolved Activity Suspended Solids

Nuclide (uCi/m1) (uCi/m1) {uCi/mi1) {(uCi/ml)
Activation Nuclides:
2'*Na * * * *
51Cp <1(-7 <2(-8) <1(-7) 2(-8)
54Mn 1.3 £ 0.2(-8) <4$-9) 1.4 + 0.3(-8) 2.4 +0.6(-9)
59Fe <2(-8) <6(-9) <2(-8) <6(-9)
-57Co 6.5 £ 1.2(-9) <9(-10) 3.2 + 1.7(-9) 5(-10)
58Co 4.7 £ 0.1 -7; 6.6 + 0.2(-8) 3.89 + 0.06(-7) 5.4 + 0.3(-8)
60Co 3.9 + 0.2(-8 1.6 + 0.1(-8) 3.6 + 0.3(-8) 1.54 + 0.09(-8)
657n <2$-8; <6§-8; <1(-8 2-9;
187y <8(-8 <?(-8 <8(-8 <3(-8
239Np <9(-8) 1.0 + 1.0(-8) <9(-8) <8(-9)
Iodine Nuclides:
13171 1.84 & 0.05(-7) 7.8 + 0.9(-9) 1.65 + 0.08(-7) 2.2 +0.7(-9)
1331 * * * *
1351 * * * *
Fission Products:
957r <4€-8) <8§-9) <4(-8 2.2 +0.7(-9)
95Nb <2(-8) <4(-9) <2(-8 <7(-9)
99Mo <3 -9; <9(-10) <5(-9 <6(-10)
103py <1(-8 <4 -9; <2(-8 <3(-9)
110mAg <1(-8) <4(-9 <2(-8 <2(-9
124gh <1(-8) <4(-9) <2(-8) <2(~9
134¢s 3.70 + 0.06(-7) 4.1 + 0.2(-8) 2.93 + 0.09(-7) 1.76 + 0.09(-8)
136¢Cs <2(-8) <4(-9 <2(-8 <7(-9)
137Cs 5.00 + 0.07(-7) 6.1 + 0.2(-8) 3.8 + 0.1(-7) 1.1 + 1.1(-8)
14083 <6(-8) <2(-8) <1§-7; <9§-9)
140) 3 <6(-8) <7(-9 <6(-8 <6(-9)
l41ce -<6$-9) 4.8 + 5.4(-10) <9(-9) <1(-9)
143Ce <3(-8) <4§-9) <3 -82 <3(-9)
14lice <3(-8) <7(-9) <5(-8 <5(-9)

* . Sample not counted soon enough for these radionuclides.
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TABLE A.34

EVAPORATOR FUNCTION TEST
Evaporator Concentrate Samples

Before Test Start
07:30; 2/18/77
Dissolved Activity Suspended Solids

First Process Sample
10:20; 2/18/77
Dissolved Activity Suspended Solids

Nuclide (pCi/m1) {(pCi/m1) (uCi/mi1) (uCi/ml)

Activation Nuclides:

24Na 3.7 £ 1.5(-5) <7(-5; 8.0 2.2 (-5) <5(-5)
51Cp <5(-3) <1(-4 <5(-3 2.1 + 0.6(-4)
S4Mn 1.4 + 0.2(-5) 1.08 + 0.01(-3) 1.4° + 0.2 (-4) 1.61 + 0.02(-3)
59Fe <8(-5) 4.6 + 1.3(-5) <1(-4 7.3 + 1.3(-5)
57Co <2(-4) 6.9 + 0.5(-5) <2(-4) 9.2 "+ 0.6(-5)
58Co 3.6- + 0.1 (-3) 1.05 + 0.02(-2) 3.87 + 0.07(-3; 1.62 + 0 04(-2;
60Co- 2.0 + 0.4 (-4) 8.4 + 0.22-4; 1.5 + 0.1 (-4 1.27 + 0.02(-3
65Zn <7(-5) 5.1 + 1.4(-5 <1(-4) <1(-4)

187y <8§-4g <8£-4; <5(-4) <42-3;

239Np <3(-3 <7(-5 2.5 +2.6 (-4) <2(-4

Iodine Nuclides:

1311 2.62 + 0.03$-2) 2.9 + 0.6(-6) 2.54 + 0.05(-2) 6.1 + 1.5(-5)
1331 2.6. + 0.1 (-3) <7§-5; 2.5 +0.2 (-3) <1(-4 :
135] <2(-4) <2(-4 <3(-4) <3(-3)

Fission Products:

957y <4(-4; 2.1+0 6§-5) <3(-4; 4.4 + 1.0(-5)
9SNb <3(-4 3.5 + 0.4(-5) <2(-4 <1(-3

99Mo <2 -4; <6§-6) <2$-4; <5€-6

103py <3(-3 <7{-5) <3(-3 <1(-4

110mAg <3(-3 9.5 + 0.7(-5) <3(-3) 1.3 + 0.1(-4)
1246h <3(-3 . <6(-5) <3(-3) <1(-4)

134¢cg 6.6 + 0.1 (-2) 1.32 + 0.02(-5) 6.50 + 0.05(-2) 1.8 + 0.3(-3)
136Cg <3(-4 <2(-4) <2(-4) <2(-4)

137Cs 8.0 + 0.2 (-2) 1.66 + 0.03(-5) 7.7 +0.2 (-2 2.45 + 0.04(-3)
140Ba <2(-2 <4(-4) 7.4 +2.3 (-4 <4(-4)

140 3 <2(-3 <5§-5; <2$-3; 2 -4;

i41Ce <4(-4 <2(-5 <3(~-4 <1(-5

143Ce <1(-3; 1.4 + 0.8(-5) <1(-3; <1 -43

lukCe <2(-3 <7(-5) <2(-3 <5(-5
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JABLE A.34 (cont'd)

EVAPORATOR FUNCTION TEST
Evaporator Concentrate Samples

Second Process Sample Third Process Sample
13:36; 2/18/77 15:503 2/18/77
Dissolved Activity Suspended Solids Dissolved Activity Suspended Solids
Nuclide _(pCi/m) (uCi/m1) (pCi/m1) (uCi/ml)
Activation Nuclides:
24Na <1(-4) <5(-5) <2§-4) <2(-4)
SiCp $(-3) 2.8 +0.3(-4) . C<1(-2) 3.2 + 0.4(-4)
S4%Mn 1.4 0.2 (-4) 1.25 + 0.03(-3) 2.6 +0.2 (-4) 1.61 + 0.03(-3)
59Fe <1(-4) 8.7 * 0.95-5; <22-4; 1.20 + 0.08(-4)
57Co 5.7 + 2.1 5-5) 7.3 £+ 0.3(-5 <3(-3 9.8 + 0.3(-5
58Co 4.0 *0.2 -3;' 1.25 * 0.03$-2§ 4.7 +0. é-B; 1.59 + 0.045-2;
60Co 1.6 +0.4 2-4 ' 1.02 + 0.02(-3 2.3 +£0.7 (-4 1.25 + 0.03(-3
657n <1§-4) <4(-5) <12-4) <2(-4)
187y <2(-3) 4.6 + 2.2(-4) <1(-3) <3(-3)
239Np <4(-3) <1(-4) <1(-2) <1(-4)
Iodine Nuclides:
1311 2.80 + 0.06(-2) 4.9 + 0.5(-5) 2.97 + 0.08(-2) 7.5 + 0.5(-5)
1331 2.9 +0.1 (-3) <1(-4 2.3 +0.2 (-3) <1(-4)
1351 <1 (-3) * <3(-3) *
Fission Products:
957r <1(-3; 5.4 + 0.9(-5) <5(-4; 3.5 + 0.6(-5)
95Nb <4(-4 6.8 + 0.7(-5) <3§-4 6.2 + 0.9(-5)
93Mo <4(-5) <5(-6) <2(~3) <4(-6)
103Rpy <4§-33A <4(-5) <2$—3; <5(-5)
110mAg <3(-3 8.7 + 0.6(-5) <2(-3 1.1 + 0.1(-8)
124gh <3(-3) <3(-5) 2.8 + 1.4 (-5) 1.7 + 0.3(-5)
134Cs 7.05 = 0.05(-2) 1.51 + 0.02(-3) 7.2 + 0.1 (-2) 1.94 + 0.06(-3)
136Cs <4(-4 <5(-4) <3(-4) <1(-3)
137¢Cs - 8.2 +0.2:(-2) 5.6 + 7.0(-4) 8.4 + 0.1 (-2) 6.8 + 10.9(-4)
140Ba <2(-2 <2(-4) <1(-2) <2(-4)
1401 3 <3§-3g 2.5 + 1.2(-5) <5§-3§ 1.5 + 0.3§-5g
141Ce <1(-4 <1(-5) <4(-3 8.0 + 3.0(-6
143Ce <2(-3; <3§-5; <3§-3g <3§-5;
l4hCe <4(-4 <4(-5) . <2(-2 <4(-5

* : Sample not counted soon enough for these radionuclides.
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TABLE A.35

VENTILATION AIRBORNE ACTIVITIES
SAMPLE STATION #1 (uCi/sec)

Sample

Period 9/3 - 9/9/76 9/9 - 9/15/76  9/15 - 9/23/76 9/23 - 9730776 [A] 9/30 - 10/7/76
131y 8.06 + 0.07(-3) 8.1 + 0.2(-3) 2.19 + 0.09(-4) 1.22 + 0.08(-4) 1.72 + 0.04(-3)
134(g <2.2(-6) <9.2(-6) <8.6(-6) 8.6 + 0.8(-7) <7.9(-6)

136 <5.4(-6) <2.6(-5) <1.8(-6) <3.4(-7) <1.1(-5)
137¢s 3.2 + 0.7(-5) 2.6 + 0.7(-5) 2.7 + 0.6(-5) 1.1 + 0.2(-6) 1.4 + 0.5(-5)
34 3.0 + 1.0(-3) 9.5 + 0.9(-3) 7.2 + 0.8(-3) 2.0 + 1.0(-3) 5.0 + 1.0(-3)
1u¢ 6.5 + 0.8(-4) 2.4 + 0.1(-3)[B] 7.8 + 0.4{-2)T¢] ~ -
Sice <1.1(-4) <1.4(-5) <4.1(-5) <2.4(-6) 5.3 + 2.9(-5)
StMn <9.7(-6) <3(-6) <2.7(-6) <7.5(-7) <6.6(-6)
59Fe <3.9(-6) <1.2(-5) <4,7(-6) <1.2(-4) <7.9(-6)
57Co 3.7 & 2.3(-5) 1.2 + 0.7(-5) 1.2 + 0.7(-6) <3.9(-7) <2.2(-5)
58Co <3.4(-6) <3.4(-6) <6.0(-6) 2,0 % 1,0(-6) <4.9(-6)
60Co 8.3 + 3.0(=6) <1.4(-5) <4.2§-6; 9.0 * 2,0{-7) <1.1(-5)
657n <8.0(-6) <8.9(-6) <3.0(-6 <1.9(-6) <5.6(-6)
957y <7.1(-6) <3.5(-6) <5.6$-6; <2.3(-5 <7.3(-6)
ISNb <2.z§-5 <1.5{-s§ <6.3(-6 <2.2(-4 <6.2(-6)
103gy <1.8 -5? <6.3(-6 <1.8(-6) <8.7(-5 <4.1$f6;
106Ry <1.5(-5; <4.52-5g <1.6(-5) <1.3(-5) <3.0(-5
110mAg <6.4(-6 <2.6(-5 <3.9(-6) <1.4(-6) <3.9(-6)
1246 <7.4(-6) <6.2§-6; <7.3$-6; 3.0 + 0.3(-5) 6.3 + 3.5(-6)
125gh <9.0(-6)" <1.8(-5 <9.4(-6 4,0 + 2,0(-7) <1.4(-5)
14083 <9.6{-6)‘ 6.2 + 2.1(-5) <9.4§-6;, <1.2(-6) <1.4(-5)
1401 5 4.6 + 0.3(-4) <1.6(-4) <3.0(-5) <4.,0(-7) <1.3(-3)
141ce 2.8 +1.7(-5) <2.4§-5) 1.0 + 0.7(-6) <3.4(-7) <1.5(-5)
152g, <1.9(-5) <1.4(-5) <1.2(-5) <1.1(-6) <2.0(-5)
154y <1(-5) <6.1(-6) <8.4(-6) <1.2(-6) <1.3(-5)
155y <7.5(-4) <1,0(-4) 1.1 + 0.4(-4) <3.1(-4) <1.4(-4)

[A] 60,000 second count
[B] Sample from 9/9 - 9/23/76
[C] Sample from 9/23 - 10/7/76
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VENTILATION'AIRBORNE ACTIVITIES

TABLE A.35 (Cont.)

SAMPLE STATION #1 (uCi/sec)

[E]

Sample from 10/22 - 11/4/76

Sample
Period 10/7 - 10/14/76 10/14 - 10/22/76 10/22 - 10/28/76 10/28 - 11/4/76 11/4 - 11/10/76
131y 3.0 = 0.1(-4) 4.6 * 0.6(-4) 7.6 * 0.7(-6) 3.2 +0.6(-5)
i::CS <1.7 -5; <1.1%-5; 9.24(t ?.9(-6) <6.6%-g;
Cs <7.8(-6 <1.0(-5 <1.4(-6 <9.2(-
137¢s 2.0 + 0.5(-5) 5.1 + 1.3(-5) 6.0 + 1, 8(-5) 5.4 t 1.5(-5)
3H 9.8 + 0.9(-3) 3.8 + 0.3(-2) 7.2 + 0.8(-3) 6.4 + 0.1(-2)
14¢ 2.97 = 0.02(-2)[E] 1.11 + 0.04(-2)
S1cp <3.5(-5; <1.5£-5; <7.6(-5) <1.0§-5;
o <2g§s7s) R ?%2; <“(g)
e <b.2(- <2.0(- <]1.1(- <1.1{-
57Co <1,7(-5) <5.3§-5; <4.6(-6) 5.0 + 2.0(-5)
58¢Co <5.8(-6) <3.7(-6) <1.1(-5) <9,2(-6)
60Co <5.5(-6) <1.2(-5) <7.3(-6) <2.5(-5)
657n <9.4(-6) <2,0(-5) <1.0(-5; <9.0 -5;
o 908 @908 i S a0e)
<3.4(- <4.5(- <2.2(- <5.2(-
103py <1.4(-6 9.1 * 4,6(-6) <3,7(-6) <1.2(-5)
106Ry <4,0(-5 <3.62-5} <1.6é-5; <2.8§-5}
110mAg <2.3(-5 <9.5(-6 <8.9(-6 <1.3(-5
1245} <6.4(-6) <9.8(-6) <1.2(-5) <2,0i-5;
125gp <4.9(-6) <2.5(-5) 1.9 + 0.8(-5) <4.2(-5
140B4 <4.3(-6) <1.6(-5) <1.6(-5) <4.1(-5)
1t a0 e 308 R
e <1.2(- <4.6(- : <6.3(- <8.1(-
152gy, <2.1(-5) 2.8 + 1.4(-5) 1.3 * 0.8(-5) 2.6 * 1,7(-5)
154y <6.8(-6) <2.0(-5) <9.7(-6) <2.9(-5)
155gy <z.1(-4) <6.9(-4) <1.6(-4) <1.2(-3)
[0] Sample from 10/7 - 10/22/76
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TABLE A.35 (Cont.)

~ VENTILATION AIRBORNE ACTIVITIES
SAMPLE STATION #1 (uCi/sec)

Sample
Period 11/10 - 11/23/76  11/23 - 11/30/76 12/1 - 12/15/76[F] 12/15 - 1/6/77 1/6 - 1/20/77
1311 2.8 + 0.5(-5) 1.1 * 0.4(-5) <2.8(-5) 1.33 + 0.05(-6) 1.96 + 0.07(-4)
134cg <6.3(-6) <1.8(-5 <1.3(-5) 9.0 + 0.6(-6) 9.0 * 0.8(-6)
136¢cg <7.0(-6) <1.3(-5 <4.7(-5) <2.3(-7) <3.9(-6)
137¢g 6.0 * 4.0(-6) 5.0 + 1.0(=5) <4.2(-5) 1.0 =+ 0.1(-5) 1.1 + 0.1(-5)
34 9.3 + 0.2(-3) 1.8 + 0.1(-3) 4.4 1+ 0.1(=3) 1.6 + 0.2(-2) 4.7 = 0.22-23
l4¢ 2.0 + 0.1(-2) 3.6 + 0.3(-3) 6.8 + 0.3(-3) 2.4 + 0.1(-3) 7.1 + 0.2(-3
:1Cr <6.2(-5 <7.9(-5) <6.1(-5) <4.8(-6) <5.2(-6)
Mn <1.6(-6 <4,4(-5) <9,5(-6) <4,4(-7) <2.0(-7)
S9ra <8.1(-6) <3.2(-5) <2.6(-5) g <3.6(-6) <6.7(-6)
57¢o 2.0 = 1.0(-5) <3.1(-5) 5.0 + 3.0(-5) <2.9(-7) <1,1(-7)
58¢o £.0 +1.0(-5) <2.1(-5) 5.0 + 2.0(-5) 2.3 + 0.5(-6) 4.0 + 3.0(>7)
50¢co <3.4(-6; <1,4(-5) <9.7(-6) <6.3(-7) <2.2(-7)
557n <7.4(-6 <2.1(~5) <9.4(-6) <2.5(-7) <5.9(-7)
957p <2.6(-6) <2.3(-5) <4.1(-5) <4.5(-7) <5.6(-7)
I5Np <1.6(-5; <3.3(-6) <8.9(-5) <1.8(-6) <2.9(-7)
103py <6.5(-6) <1.0(-5) <1.4(-5) <8.4(-7) <1.2(-6)
106py, <3.5§-5; <4.82-5) <2.2(-5; <5.8(-6) <3.4§-6)
110mpg <3,2(-5 <9.8(-~6) <4.4(-5 <1.1(-7) <2.8(-7)
124gh <1.2(-5) <1.8(-5) <4.2£-5; <7.5(-6) 1.1 * 0.1(-5)
125gh <2.5(-5) <4.4(-5) <1.5(-5 <2.3(-6) <1.6(-6)
140p4 <1.8(-5g <1.2§-4) <1.62-4). <3.0(-6) <2.3(-6)
1401 3 <1.2(-3 <4.8(-3) <1.5(-5) <2.3(-6) <1.2(-5)
141ce <5.1 -5; <6.9(-5) _<5.6(-5; <6.2(-7) <3.1(-7)
152, <2.1(-5 <3,9(-5) <1.1(-4 5.0 + 4.0(-7) <2.4(-6)
154gy <8.6(-5) <2.8(-5) <2.3(-5) <6.2(-7) <6.0(-7)

[F] Total Iodine Sampler was only operative between
12/1 - 12/3/76. 14C and 3H sampler was operative
12/1 - 12/15/76..



"TABLE A.35 (Cont.)

VENTILATION AIRBORNE ACTIVITIES
SAMPLE STATION #1 (uCi/sec)

oelL

Sample
Period 1/20 - 2/3/77 2/3 - 2/10/77 2/10 - 2/17)77
1317 2.75 + 0.08(-4) 1.76 + 0.07(-4) 1.9 + 0.1(-4)
13k4(cg <1.4(-6) <2.4(-6) <8.3(-6)
136Ccg <1.6(-7) <1.6(-6) <1.5(-6)
137¢g <1.4(-6) 2.6 + 0.7(-6) <1.7(-6)
34 1.8 + 0.1(-2) EG] [6]
14c 4,3 + 0.2(-3) G] (6]
Slep <1.7(-6) <2.4(-5) <5.2(-6)
ShMn <4.0(-6) <1.6(-6) <6.8(-7)
S9Fe <6.5(-6) 5.0 + 2.0(-6) <3.0(-5)
57Co <1.7(-7) <7.2§-7) <1.4(-7)
58¢o <8.42-7; <1.6(-6) <2.4§-6)
60Co <2.6(-7 6.0 + 2.0(-6) <1.1(-6)
657n <4.5(-6) <8.0(-6) <2.1§-5)
957y <6.6(-7) <3.2(-6) <1.3(-5)
95Nb  <1.8(-6) <1.6§-6) <7.9(-7)
103py <1.3(-7) <1.6(-6) <1.0(-6)
106py <2.4§-6§ <1.6$-5) <1.3$-5§
110Mpq <3.0(-7 <1.6(-6) <1.2(-5
12k g 9.0 + 4.0(-7) <1.6$-5) <1.4§-6;
125gh <7.4(-7) <4,0(-6) <2.4(-6
140pa <6.6(-7) <5.6(-6; <2.6(-6)
140) 5 <6.2(-6) <1.6(-5 <1.7(-5)
l4lce ¥2.4(-7) <1.6$-6) ‘7.92-7)
152gy <5.7(-7) <7.2(-6) <4.9(-6)
ISbEy  <7.1(-7) <1.6(-5) <3.3(-5)

[G] SAMPLE STATION #1

14¢-3H4 Shutdown due to electrical circuit overload.
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TABLE A.36

VENTILATION AIRBORNE ACTIVITIES
SAMPLE STATION #2 ({uCi/sec)

Sample
Period 9/3 - 9/9/76 9/9 - 9/15/76 9/15 - 9/18/76 9/23 - 9/30/76 9/30 - 10/7/76
1311 6.13 + 0.06(-4) 1.92 + 0.06(-4) 6.0 + 0.2(-4) 8.3 =+ 0.4(-5) 1.43 + 0.01(-3)
134cs  <2.7(-6) <1.5(-5) <2.6(-5) <2.1(-6) <7.1(-6)
1360 <4,4(-4) <2.8(-6) <1.5(-5) <2.7(-6) <3.1(-6)
137cs 8.0 + 3.0(-6) 4.8 + 2.4(-6) 2,0 +1,0(-5) <9.0(-6) 6.8 + 3.9(-6)
34 6.0 + 1.0(-3) <1.0(-3) <1.0(-3) 2.0 + 0.4(-3) 2.0 + 0.4(-3)
I8¢ 1.41 + 0.01(-1) 1.9 £ 0.1(-3)[A] 1.44 + 0,09(-3)[B]
Slcp <6.6(-5) <1.3(-5) <4,6(-5) 2.3 +1.1(-5) <2.8(-5).
StMn  <1.1(-5) <2.8(-6) <1.0(-5) <7.7(-7) <2.1(-6)
59 <3,7(-5) i<6.9(-6) <7.5(-6) <4.4(-6) <3.6(-6)
S7Co 1.5 + 0.7(-6) <1.2(-6) <2.0(-6) <9.1£-7) <4.6(-7)
58co  <1,4(-5 <4.0 -6; <5.5(-6) <3.0(-6) <3.3(-6)
60Co <6.6(-6 <5.3(-5 <2.0(-5) <2.9(-6) <5.0(-6)
657n  <1.2(-5) <2.5(-6) <4.6(-6) <4.0(-6) <1.9(-6)
957y  <1.0(-5) 6.0 =+ 2.0(-6) <3.7(-6) <4.6(-6) <7.2(-6)
ISNb  <2.4(-5) <2.0(-6) <1.4(-5) <3.7(-5; <2.6(-6)
103py  <1.7(-5) <4.7(-6) <4.0(-6) <2.5(-6 <3.3(-6)
106py  <8.4(-6) <2.1(-5) <3.8(-5) <2.7(-5) <9.2(-6)
110mpg  <5,8(-6) <7.2(-6) <1.2(-5) <3.8(-6) <1.7(-6)
124gh  <1,2(-5) <2.2(-6) <1.4(-5) <2.3(-6) <6.2(-6)
125h  <2.5(-5) <1.6(-5) <1.4(-5) <6.0(-6) <1.6(-6)
140Ba  <6,2(-3) <1,0(-5) <2.3(-5) - <6.5(-6) <1.7(-5)
140 3 <3.3(-6) <4.4(-5) <4.7(-3) <4,3(-5) <1.1(-3)
l4lce  <9.0(-6) <4.7(-6) 4,5 + 2.6(-6) 2.8 + 1.6(-6) <2.6(-6)
152, <1.4(-5) <1.3(-5) <6.2(-6) <8.7(-6) <5.8(-6)
1ShEy  <7.2(-6) <4.5(-6) <2.3(-5) <1.2(-5) <1.1(-5)
155cy 4.0 + 2.0(-6) <4.8(-6) <8.5(-6) <3.4(-6) <7.5(-7)

[A] Sample from 9/9 - 9/23/76
[B] Sampte from 9/23 - 10/7/76
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TABLE A.36 (Cont.)

VENTILATION AIRBORNE ACTIVITIES

[D] Sample

from 10/22 - 11/4/76

SAMPLE STATION #2  (uCi/sec)
Sample 2
Feriod 10/7 - 10/14/76  10/14 - 10/22/76 10/22 - 10/28/76 10/28 - 11/4/76 11/4 - 11/10
131y 3.80 + 0.02(-4) 3.4 + 0.3(-4) 1.66 + 0.01(-4) 1.57 + 0.01(-4) 5.72 + 0.04(-5)
134 <5.7(-6 <1,7(-6) <2.2(-6) <8.6§-7) <3.5(-7)
136%2 <?.7§-e§ <3.1€-6) <9.6(-7) <8.1(-7) <1.1(-6)
137¢cs 3.1 % 1.1(-5) <1.5 + 0.4(-5) 2.1 + 1.0(-6) 1.3 + 0.6(-6) 1.5 % 0.8(-6)
3H 2.0 + 1.0(-3 2.0 + 1.0(-3) 4.7 + 0.5(-3) 4.7 + 0.5(-3) 2.0 + 1,0(-3)
e 2.5 4 o.1§-3g[c] 9.4 + 0.3(-3)[D] 1.16 + 0.03(-2)
51 <1.3(- <2.9(-5 5.2 + 2.6(-6) <3.8(-6) <6.7(-6
S“ﬁ; <;.§§_2§ <7.3 -6; 2.9 + 0.8(-6) <1.1§-5) <4.7§-7;
S9Fre  <8.0(-6) <1.2(-5) <2.8(-6) <1.9(-6) <1.3(-6)
37Co  <1.5(-6) <2.0(-6) 6.5 + 2.6(-7) <4.3(-7) <3.2(-7)
38co 5.4 + 1.7(-6) 4.6 * 2.7(-6) 8.2 +.1.6(-6) <1.5(-6) 2.1 + 0.8(-6)
60Co  <1.1(-5) <4.8(-6) 9.8 + 1.5(-6) 2.4 + 1,0(-6) <1.6(-6)
657n  <3.1(-6) <8.5(-6) <5.3(-6) <8.8(-7) <1.1(-6)
957r  <7.0(-6) <5.1(-6) <2,2(-6) <1.1(-6) <7.7(-7)
95Nb  <2.8(-6) <3.9(-6) <7.9(-7) <6.7(-7) <6.0(-7)
103py 2.4 + 1.4(-6) <1,9(-6) <2.0(-6) <1.3(-6) <5.7(-7)
106py 2,0 + 0.9(-5) <1.4(-5) <9.2(-6) <4.7(-6) <4.8(-6)
110mpg  <2:6(-6) <4.2(-6) <1.3(-6) <4.7(-7) 58.72-8)
1245k  <3.0(-6) 3.6 + 2.2(-6) 1.7 + 0.7(-6) <1.1(-6) <1.7(-6)
1256 <1.9(-6) <1.6(-6) <4.2(-6) <2.2(-6) <2.8(-6)
140By  <9,7(-6) <1.2(-5) <5.1(-6) 2.9 * 1.6(-6) <2.0(-6)
14019 <1.2(-4) <3,4(-6) <5.8(-6) <2.0(-5) <1.3§-5)
I4lce  <2.8(-6) 2.2 + 1.3(-6) 5.2 + 2.6(-6) 4,2 + 2.2(-6) <9,2(-7)
152p,  <1.7(-5) <6.7(-6; 2.0 + 0.7(-6) <2.2§-6; <1.8§-6;
ISbEy  <1.2(-5) <5.0§-6 <3.0(-6) <1,1(-6 <1.3(-6
155y <3.2(-6) <2.9(-6) <1.2(-6) <1.1(-6) <1.4(-6)
[C] Sample from 10/7 - 10/22/76



1/6 - 1/20/77LE]
£ 0.4(-5)
+ 0.03(-5)

5.0

0.4(-5)

12/15/76-1/6/77
6.6

(uCi/sec)

12/1 - 12/15/76
1.06 + 0.09(-4)

TABLE A.36 (Cont.)

VENTILATION AIRBORNE ACTIVITIES
SAMPLE STATION #2

11/23 - 11/30/76
1.75 + 0.01(-3)

11/10 - 11/23/76
6.47 + 0.04(-5)

Sample
Period
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[E] 60,000 second count




vEL

TABLE A.36 (Cont.)

VENTILATION AIRBORNE ACTIVITIES
SAMPLE STATION #2 (uCi/sec)

by _1/20 - 2/3/77 2/3 - 2/16/71
1317 1.8 + 0.2(-3) 2.1 + 0.2(-5)
134cg <4,0(-6) 3.0 * 1,0(-5)
136(g <9.3(-8) <4,2(-7)
137¢s 4.5 + 0.6(-6) 3.4 + 0.2(-5)

34 [F] 6.0 ¢ 1.0(-3;
lug [Fl 5.0 + 0.3(-3
S1Cp  <2.9(-6) <1.0(-5)

SeMpn  <1,9(-7) <7.2(-7)
59re  <6.1(-7) <3.8(-6)
57co  <2.3(-7) 9.0 +"7.0(-8)
580 2.0 % 1.0(-7) 2.5 + 0.5(-6)
60co  <1.7¢(-7) <9.8(-7)
8570 <7.6(-7) <4,9(-7)
957p  <4.9(-7) <6.0$-7)
95Np  <2.6(-7) <5.0(-7)
103py <4.0(-7) <1.5(-6)
106y <2,0(-6) <6.1(-6)
110Mpg <3.0(-7) <6.7(-7)
124gh 5.2 &+ 0.3(-6) 3.0 .+ 2.0(-5)
1256y . <5, 5(-7) <3.9§-6)
14083 <2,5(-6) <5.9(-6)
14014 <5,9(-6) <2.2(-5)
l4lce  <4,4(-7) 1.1 + 0.9(-6)
152Ey 4.0 + 3.0(-7) <4,4(-6)
154py  <3,2(-7) <4.2(-6)

[F]  Sample station #2 - 1%C-3H Sampler inoperable due to motor malfunction.
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TABLE A,37

VENTILATION AIRBORNE ACTIVITIES
SAMPLE STATION #3 (uCi/sec)

Sample
Period 9/3 - 9/9/76 9/9 - 9/15/76 9/15 - 9/23/76 9/23 - 9/30/76 9/30 - 10/7/76
1311 1.7 + 0.1(-5) 2.9 + 0.6(-6) 2.3 + 0.6(-6) 4,5 + 0.7(-6) 6.5 + 0.4(-5)
134Cs <3,1(-6) <1.5(-6) <1.1(-6) <9.9(-7) <2.9(-6)
1360 <7.4(-7) <1.7(-6) <1.7(-6) <1,5(~6) <1.8(-6)
137¢cs 9.4 '+ 2.3(-6) 8.3 + 3.1(-6) 4.6 + 1,3(-6) 5.2 + 1.6(-6) 1.0 + 0.2(-5)
3H <3.0(-4) <3.0(-4) <3.0(-4) <3.0(-4 <3,0(-4
8¢ 1.6 % 0.7(-4) 1.9 + 0.2(-4)[A] 4.3(¢ 3.3(-4)[3] (-4)
Slep <1.8(-6) <1.0(-5) <1.8(-5) <1;1§-s) <2.2(-5).
S4Mn  <1.7(-6) <1.1(-6) <1.1(-6) <1.0(-6) <4,1(-7)
S9Fe  <3.0(-6) <4.1$-6) <9,9(-7) <1.2(-6) <1.5(-6)
57co 9.2 + 4.1(-6) <6.0(-6) 3.3 + 2.3(-6) 3.5 + 1.6(-6) <6.9(-6)
S8co <4 5§-7) <1.3§-6) <7.3$-7§ <8.8$-7} <5.22-6§
60co  <2.2(-6) <4.8(-6) <1.4(-6 <1.2(-6 <1.1(-6
657Zn  <1.9(-6) <1.7(-6) <1.1(-6) <5.4(-7) <1.3(-6)
357r  <2.1(-6) <7.1(-7) <8.4(-7) <9.6(-7) <1.1(-6)
95Nb”  <1.3(-6) <6.2(-6) <2.7(-7) <7.9(-7) <2.3(-6)
103Ry  <2.2(-6) <1.4(-6) <1.3(-6) <2.0(-6) <1.5(-6)
106y <1.0(-5) <1.3(-5) <9.6(-6) <4,3(-6) <1.1(-5)
110mag  <8.8(=7) <1.3(-6) <6.4(-6) <2.4(-6) <7.2(-6)
1245h  <2,4(-6) <2.0(-6) <2.1(-6) <1.3(-6) <1.7(-6)
125gh  <3,0(-6) <9.8(-7) <2.9(-6) <8.3(-7) <6.7(-6)
14083  <6.8(-6) <5.7(-6) <5.0(-6) <1.7(-6) <5.3(-6)
140 4 <1,2(-5) <1.9(-5) <1.8(-5) <7.6(-6) <2.5(-4)
14lce  <1.,2(-5) 5.3 + 2.4(-6) 5.9 + 3.1(-6) <8.8(-6) 6.1 * 3.8(-6)
152p,  <5,3(-6) <1.8(-6) <4.7(-6) <9,8(-6) 3.3 * 1.7(-6)
158y <1,2(-6) <2.0(-6) <2.5(-6) <2.2(-6) <4.,1(-6)
155y <3.6(-5) <1.8(-4) <9,2(-5) <2.2(-5) <5.2(-5)

[A] Sample from 9/9 - 9/23/76
[B] Sample from 9/23 - 10/7/76
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TABLE A.37 (Cont.)
VENTILATION AIRBORNE ACTIVITIES

SAMPLE STATION #3 (uCi/sec)

Sample
Period 10/7 - 10/14/76 10/14 - 10/22/76 10/22 - 10/28/76
1311 1.6 + 0.2(-5) 1.3 + 0.2(-5) 5.0 +2.0(-6)
134cs  <1.9(-6) <2.9§-6 <2.8(-6)
136cs - <2.8(-6) <4.7(-6 <9.8(-6)
137cs 1.2 + 0.2(-5) 6.8 + 2.7(-6) 1.1 % 0.5(-6)
3H 1.0 + 0.3(-3; 1.0 £ 0.3(-3) <3.0(~4)
1%¢ 2.0 + 0.2(-4)[c] 1.4 + 0.1(-8)[D]
Sicp <3.5(-6; <2.0(-5) <2.2§-5)
StMn  <1.3(-6 <1.3(-6) <1.8(-6)
59Fe <2.0(-6; ' <3.6§—6) <3.4$-6)
57Co  <2.6(-6 <1.1(-5) <2.2(-5)
58Co <1.5§-6g <1.2$-6; <3.3§-6;
60Co <2.0(-6 <5.0(-6 <3.9(-6
657n  <3.9(-7) <2.6(-6) <7.0(-7)
957r  <6.2(-6) <1.0(-5) <2.5(-6)
I5Nb <1.82-6) <1.6(-6) <1.0£-6;
103py  <1.7(-6) <1.4(-6) <5.1(-6
106y <2.4§-5; <7.3$-6; <2.8§-5§
110mpg  <6.6(-7 <1.6(-6 <9,.3(-7
1245h  <1.3(-6) <1.4(-6) <6.6(-6)
125gh  <4.4(-6) <1.8€-6) <7.2(-6)
14083  <4.7(-6) <8.0(-6) <1.7(-6)
14013 <4,2(-5) <1.1(-4) <3.2(-5)
I4l1ce 4.5 + 2.6(-6) 5.9 + 3.2(-6) <4.0(-6)
152,  <3.5(-6) <8.3(-7) <4,9(-6)
1S4y <3.0(-6) <2.2(-5) <5.7(-6)
155gy  <4.1(-5) <1.4(-4) <5.5(-5)

[C] Sample from 10/7 - 10/22/76
[D] Samp]e from 10/22 - 11/4/76

10/28 - 11/4/76

11/4 - 11/10/76

<1,
<2.

2.0 * 0.4(-6)

<3.1(-6)
<2.2(-6)
7.0 i 2:0("6)

1.3 i 002("3)

<3.1§-5
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<2.4(-6
<6.7(-7
<4.0(-6
<2.8(-6
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TABLE A.37 (Cont.)

VENTILATION AIRBORNE ACTIVITIES
 SAMPLE STATION #3 (uCi/sec)

176 - 1/20/77LF]

12/15 - 1/6/77

11/23 - 11/30/76[E] 11/30 - 12/15/76

11/10 - 11/23/76

3.9, + 0.1(-5)

Sample
Period

* 0.6(-6)

2.0

210("7)

7.0

+ 0.6(-5)

3.8

059(-6)

-+

4.3

1311

+ 0.1(-7)
0.7(-8)

<1,1(-8)
+ 0'2(77)
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229,501.1 second count

EE] 24,201.9 second count
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TABLE A.37 (Cont.)

VENTILATION AIRBORNE ACTIVITIES
SAMPLE STATION #3 (uCi/sec)

Sample
Period 1/20 - 2/3/77 2/3 - 2/16/77
1311 1.6 + 0.5(-6) 7.0 £ 2.0(-7)
13405 <1.3(-7) <1.5(-7)
136cs  <2.4(-7) <3.6(-8)
137¢cs  <4.4(-7) <4,9(-8)
3y 2.0 + 0.1(-3) 1.9 =+ 0.3(-3)
l4c 1.38 + 0.06(-3) 1.26 + 0.08(-3)
Slcy  <2.0(-6) <2.4§-7)
SiMn  <1.6(-7) <9.9(-8)
S9Fe  <2.9(-6) <2.9(-7)
37Co  <1.6(-7) <3.3(-8)
58Co  <4.3(-7) <2.6(-7;
60co <4.2(-7) <1.7(-7
657n  <2.0(-6) <2.9(-7)
357r  <2.2(-7) <1.2(-7)
I5Nb <2.2(-7) <1.6(-7)
103py  <1.8(-7) <8.4(-8)
106y <2.2(-6) <1.22-6)
110mpq  <1.8(-7) <1.6(-7)
124gh <3.3(-7) <1.8§-7)
1255y <4.1(-7) <1.3(-7)
14083 "<1.2(-6) <2.8(-6)
14013 <2.8(-6) <5.6(-6)
4lce  <2.7(-7 <6.4(-8)
152y <4,5(-7 <3.6(-7)
154Fy  <3.1(-6) <3.2(-6) :
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TABLE A.38

VENTILATION AIRBORNE ACTIVITIES
SAMPLE STATION #4 (uCi/sec)

Sample :
Pergod 9/3 - 9/9/76 9/9 - 9/15/76 9/15 9/23/76 9/23 - 9/30/76 9/30 - 10/7/76
1311 «4.5(-6) 1.6 + 0.1(-4) 8.4 + 0.7(-5) <3,2(-6) 2.1 & 0.4(-3)
134Eg <9.7(-6) <1.8(-5) <8.8(-6) <1.0(-5) <5.7(-6)
136Cs <8.4(-6) <4.4(-5) <6.8(-6) <2.8(-6) <4.9(-5)
137¢Cs 4.6 + 1.1(-5) 4.7 + 2.0(-5) 4.0 +1,0(-5) 2.9 + 0.8(-6) 3.6 + 0.9(-5)
34 <1.0(-3) <1.0(-3) <1.0(-3) <1.0(-3) <1.0(-3)
¢ 3.0 + 0.6(-4) 2.1 + 0.4(-4)[A] 3.2 + 0.6(-4)[8]
Sicp <4.3(-5 <1.7(-4) <4,5(-5 <3.4$-5) <7.0{-5;
SlMn <2.7(-6 <2.1(-6) <9.3(-6 <3.6(-6) <3.0{-6)"
59Fe <2.1(-5 <2.1 -5; <4.9(-6) <1.0(-5) <1.1(-5)
57Co <3.7(-5 <1.7(-5 2.6 +1,2(-5) <2.8(-5) <2.3(-5)
58Co <5.0(-6 <8.0(-6) <4.3(-6) <6.7§-6; <3.5§-6)
60Co <1.5(-5 <1.4(-5) <9,2(-6) <1.1(-5 <1.6(-5)
657n <1.0(-5) <1.8(-5) <6.7(-6) <7.4(-6) <8.2(-6)
957y <2.1(-5) <1.1(-5) <6.3(-6) <4.4(-6) <4.1(-6)
95Nb <7.1§-6) <1.3(-5) <1.5(-6) <8.1§-6) <7.5(-6)
103py <1.7(-5) <4.4(-6) <1.0(-5) <6.4(-6) <3.8(-6)
106y <7.5(-5) <1.6$-5) <2.2(-5) <2.0(-5) <2.6(-5)
110mpq <9.6(-6) <6.6(-6) <9.5(-6) <3.5(-6) <3.7(-5)
12h4gh <2.1(-5) <4.5(-6) <4,2(-6) <1.5(-6) <1.2(-5)
1255h  «<1.4(-5) <3.4(-5) <1.5(-5) <1.6(-5) <1.8(-5)
14085 <2.7(-5) <1.5(-5) <2.0(-5) <3.0(-5) <1.6(-5)
14044 <1.4(-4) <2.0(-4) <8.3(-5) <8.8(-5) <1.0(-3)
l4lce 4,2 + 2.2(-5) <5.7(-6) <8.1(-6) - <4.6(-5) <5.,0(-5)
152p,  2.0° + 1.0(-5) <3.3(-5) <2.0(-5) <2.8(-5) <1,2(-5)
IS4y <1.9(-5) <5.9(-6) <3.6(-5) <9.6(-5) <9.2(-6)
155py  <5.4(-4) <3.2(-4) <3.2(-4) <2.8(-4) <6.3(-4)

[A] Sample from 9/9 - 9/23/76
[B] Sample from 9/23 - 10/7/76
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TABLE A.38 (Cont.)

VENTILATION AIRBORNE ACTIVITIES
SAMPLE STATION #4 (uCi/sec)

Sample ,

Period 10/7 - 10/14/76 10/14 - 10/22/76 10/22 - 10/28/76 10/28 -~ 11/4/76 11/4 - 11/10/76
1311 2.3 & 0.1(-4) 7.3 +0.7(-5) 7.6 + 0.6(-5) 7.8 £ 0.7(-5) 8.0 + 1.0¢45)
134¢g 7.1 + 4.0(-6) <6.5(-6) <2.3(-5) <5.6(-6) <9.8(-6)
136Cs <5.2(-6) <5.3(-6) <5.3(-6) <1.4(-5) <5.2(-6)
137¢g 6.5 =+ 2.3(-5) 2.5 +1.0(-5) 5.4 + 2.4(-5) 3.2 +0.9(-5) 1.2 + 0.7(-5)

34 <1.0(-3) <1.0(-3) 2.3 + 0.2(-2) 1.5 £ 0.3(-3) <1.0(-3)
14¢ 2.74 + 0.07(-3)[C] 1.00 + 0.07(-3)[D] 2.7 £ 0.1(-3)
Sicp <1.0(-5) 5.1 % 2.8(-5) <6.2(-5) <2.6(-5) 4.8 + 3.5(-5)
S4Mn <8.7(-6) <2.6(-6) <8.9(-6) <3.7(-6) <2.9(-5)
59Fe <8.8(-5) <1.1(-5) <1.0(-4) <5.7(-6) <1.1(-5)
57Co 3.2 +1.3(-5) <2.1(-5) <4,2(-5) <7.2(-6) <4.,2(-5)
58Co  <1.3(-5) <4.5(-6) <2.4(-6) <1.0(-5) <2.0(-5)
60Co <1.7(-5) <1.2(-5) <5.0(-6) <9.5(-6) <1.0§-5)
657n <6.1(-5; <9.1(-7) <9.2(-6 <6.7(-6) <3.4(-6)
95zr <1.5§-5 <4,0(-5) <8.2(-6 <3.0$-6; <7.0§-6;
95Nb <2.1(-6) <2.2(-6) <6.3(-6 <4.3(-6 <7.9(-6
103py <4.5(-6) <3.1(-6) <3.9(-6; <7.1§-6) <2.5(-5)
106Ry 3.4 £ 1.6(-5) <5,2(-5) <4.3(-5 <5,0(-5) <9,.7(-6)
110Maq <7.5(-6; <1.2$-5) <4,3(-5) <4.6(-6) <5.4(-6;
124gp <1.6(-5 <3.1(-6) <1.3(-5) <8.3(-6) <1.1(-5
125gh <2.3(-5) <1.2é-5) <4.3(-6) <1.6(-5) <5.4(-6)
1405 <4.2(-5) <1.2(-5) <1.4(-5) <1.8(-5) <4.5(-5)
140) 5 <1.6$-4§ <1.2(-3) <5.8$-5; <1.7(-4) <2.62-4;
141Ce <1.7(-5 2.4 + 1.2(-5) <7.0(-5 <2.1 -53 <6.2(-5
152gy 1.5 =+ 0.9(-5) <2.0(-5) <1.1(-5) <9.8(-6 3.6 * 1.8(-5)
154Ey <1.0(-5) <1.2(-5) <1.1(-4) <1.3(-5) <2.2(-5)
155gy <5.9(-4) 9.6 * 6.8(-5) <8.7(-4) <2.5(-4) <3.3(-4)

[C] Sample from 10/7 - 10/22/76
[D] Sample from 10/22 - 11/4/76

1 1 ] N
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"TABLE A.38 (Cont.)

VENTILATION AIRBORNE ACTIVITIES
SAMPLE STATION #4 (uCi/sec)

Sample.

Period 11/10 - 11/23/76 11/23 - 11/30/76 11/30 - 12/15/76 12/15 - 1/6/77 1/6 - 1/20/77
13171 8.0 + 1.0(-5) 8.0 + 0.6(-5) 1.8 + 0.2(-4) 7.8  0.5(-5) 6.5 = 0.7(-5)
1340s  <5.0(+6 <5.6 -6; <6.5(-6 1.55 + 0.04(-4) <6.5 -73
136Cs  <7.4 46 <3.1(-6 <1.0(-5 <2.1(-6) <4,0(-7
137cs 1.4 4 0.4(-5) 2.0 + 0.6(-5) 9.0 + 3.0(-6) 1.82 + 0.06(-4) <1.1(-6)

34 7.4 % 0.1(-2) 2.2 * 0.1&-2) 1.8 * 0.1(-2) 1.3 + 0.1§-2) 9.3 0.42-33
14¢c 1.00 £+ 0.04(-2) 4.6 + 0.3(-3) 1.73 + 0.04(-2) 3.6 = 0.2(-3) 4,8 + 0.2(-3
SICr  <B.5(46) <2.2(-5) <3.5(~5) <3.7(-5) <2.6(-6)

S4Mn <3.7§¥6) <5.3(-6) <2.9§-6; <1.4(-6) <3.5(-7)
59Fe  <1.3(-5) <1.9(-5) <1.9(-5 <6.7(-7) <1.1(-5)
57Co  <2.5(-6) <2.6(-5) 1.0 + 0.6(-5) <1.6(-6) <5.3(-7)
58Co 6 £ 3(-6) <4.6(-6) 2.4 + 0.5(-5) 1.7 + 0.6(-6) <2.1(-6)
60Co <4.2§é7) <1.2§-5) <6.2(-6) <2.5(-7) <3.7(-7)
65Zn  <1.5(-6) <9,1(-6) <1.4(-6) <1.7(-6) <7.4(-6)
957y  <2.5(-5) <4,3(-5) <3.9(-6) <1.7(-6) <9.6(-7)
I5SNb  <2.5(-6) <1.8(-6) <3.5(-6) <1.9(-6) <4.5(-7)
103py  <6.4(-6 <8.2(-6) <3.8(-6 <4,8(-6) <4.5(-7)
106Ry  <3.8(-5 <3.4§-5; <4.8(-5 <1.9(-5) <2.5(-6)
110mag  <1.6(-6 <3.4(-5 <7.8(-6 -<4,3(-7) <3.4(-7)
124gh  <5,3(-6) <1.3(-5) <5.3(-6) <1.3(-4) <6.2(-7)
1255p 7.0 + 4.0(-6) <2.0(-5) <5.7(-6) <1.3(-5) <9.4(-7)
14083  <1,0(-5) <5.9$-6} <4.3$-5; <1.6(-53 <7.2(-7)
140 5 <4.9£-5; <3.1(-4 <1.9(-5 <2.7(-6 <5.1(-4)
l4lce  <1,3(-5 2.0 +1.0(-5) <5.2$-5g <3.6(=6) <5.5$-7;
152py  <9.0 -6;' <3.2(-5) <7.7(-6 <1.4(-5) <6.8(-7
15%py  <5.3(-6) <1.5(-5) <2.4(-6) <1.9(-6) <1.7(-6)



TABLE A.38 (Cont.)

VENTILATION AIRBORNE ACTIVITIES
SAMPLE STATION #4 (uCi/sec)

Sample
Period 1/20 - 2/3/77 2/3 - 2/16/77
1317 2.3 +0.1(-4) - 5,0 * 2,0(-6)
134cs 9,0 + 1,0(-6) <1.6(-6)
1360 <4,4(-7) <5.2(-6)
137cs 1.1 % 0.2(-5) <9.7(-7)
3y 2.7 *0.1(-2) 1.1 £ 0.2(-2)
lhe 4.8 * 0.3(-3) 5.2 + 0.6(-3)
I~ Slep <4.8(-6) <4.,7(-6)
™ StMpn <7.1(-7) <4.1(-7)
5% <1.7(-6) <1.2(-6)
57c0  <6.0(-7) <2.4(-7)
58co  <1.6(-6) <6.4(-7)
60co  <6.2{-7) <7.2(-7)
657n  <1.6(-6) <8.6(-6)
357r  <5.5(-6) <5,2(-7)
ISNh  <4.8(-7) <5.3(-7)
103py  <7.2(-7) <9.4(-8)
106p,  <5,2(-6) <4.1(-6)
110Mpqg  <4.7(-6) <6.9(-7)
1246 1.2 % 0.2(-5) <1.1(-6)
125¢h  <3.3(-6) <5.6{-7)
140gy  <5.8(-6) <7.9(-7)
140) 3 <1,2(-4) <2.,2(-5)
4l <7.3(-7) <1.4(-7)
152g,  <5,4(-6) <5.3(-6)
I5%Fy  <1.3(-5) <1.4(-5)

TABLE A.39
VENTILATION AIRBORNE ACTIVITIES



TABLE A. 39

VENTILATION AIRBORNE ACTIVITIES _
SAMPLE STATION WASTE EVAPORATOR (uCi/sec)

Sample .

Period 9/3 - 9/9/76 9/9'- 9/15/76 9/15 - 9/23/76 9/23 - 9/30/76 9/30 - 10/7/76

1311 1.63 + 0.01(-4) 4,70 + 0.05(-5) 4.80 + 0.04(-5) 1.92 + 0.03(-5) 1.55 + 0.03(-5)
134¢g <2.4(-7) <6.4(-7) <5.0(-7) <6.6(-7) <3.7(-7)
136(Cg <2.4(-7) <1.1(-6) <1.0(-7) <1.4(-7) <3.2(-7)
137¢g <6.0(-7) 7.0 * 4.0(-6) 1.0 + 0.3(-7) 3.8 * 1.9(-7) <5.9(-8)
51Cr 2.0 + 1.0(<6) <2.4(-6) <1.1(-6) <2.1(-6) <1.9(-6)
SkMp <4.og-7g' <3.4(-7) <2.6(-7) <9.8(-8) <1.3(-7)
S9re  <6.7(-7 <1.1(-6) <2.8(-7) <4.,4(-6) <5.7(-7)
57Co 3.0 =* 1.0(-7) <5.7§-8) 5.0 + 3.0(-8) <1.9(-7) <8.2(-8)
58co  <26.0(-7) _ <6.8(-7) <5.4(-7) <2.4(-7) <2.6(-7)

— 60Co  <4.2(-7) <5.5(-7) <4.5(-8) <1.5(-7) <3.0(-7) .
& 657n  <8.8(-8) <1.8(-7) <1.7(-7) <1.4(-7) <7.2(-7)
957¢  <7.7(-7) <1.4(-7) <3(-7) <1.5(-7) <5.2(-7)
95N <1.8(=7) <2.1(-7) <3.8(-7) <3.7(-7) <1.4(-7)
103py  <2.7(-7) <2.2(-7) <1.7(-7) <3.6(-7) <3.1(-7)
106Ry <2.5$-6§ <1.8(-6; <1.9(-6) <4.9(-7) <1.9(-6)
l1ompg <3.0(-7 <3.0(-7 <3.1(-7) <4.6(-7) <5.2(-7)
124gh <9.6i—7; <2.1(-7) <5.4(-7) <3,2(-7) <4.4(-7)
1256 <4.0(-7 <1.3(-6) <1.8(-7) <2.5(-7) <4.6(-7)
1405 <5.5§-7; <4.9(-7) <1.0é-6} <1.4(-6) <1.0{-6§
14013 <4.0(-6 <4.9(-7) <6.5(-6 <5.0(-6) <4.1(-5
141ce 3.8 £ 1.7(-7) <3.1(-7) 2.0 + 1.0(-7) 1.4 + 0.9(-8) <1.4(-7)
152g, <1.9i-7§ <3.8(-5) <5.5(-7) 4.9 * 3,7(-7) . <7.5(-7)
1skpy  <3.0(-7 <6.8(-6) <2.6(-7) <4.8(-6) <9.9(-7)
U . + 2.0\~ <o.1{- <2.U0{- <t~ <J.C(~

155¢ 3.0 2.0(-7) <5.1(-7) 5.0(-7) 2.3(-7) 3.2(-7)
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TABLE A.39 (Cont.)

VENTILATION AIRBORNE ACTIVITIES
SAMPLE STATION WASTE EVAPORATOR (uCi/sec)

Sample [A]
Period 10/7 - 10/14/76 10/14 - 10/22/76 10/22 - 10/27/76 10/27 - 11/4/76
1311 1.91 + 0.02(-5) 3.21 + 0.06(-5) 4,37 + 0.07(-5)
134cs  <9.1(-7) <8.2(-7) 5.1 = 2.7(-7)
136cs  <4.9(-7) <4,1(-7) <2.7(-7)
137¢s 3.4 + 0.6(-6) 1.6 + 0.5(-6) 3.2 + 0.7(-6)
Slee 1.7 ¢ 1.1%-6) <6.9§-6) <4.6 -6;
S4Mn 1.0 + 0.3(-6) <8.8(-7) <3.1(-7
59Fe  <9.4(-7) <9.1(-7) <6.2(-7)
57Co 9.6 =+ 5.2(-8) 1.2 + 0.7(-7) <1.3(-7)
58Co 1.5 & 0.4(-6) 1.7 + 0.6(-7) <8.6(-7)
60co 6.3 * 2.2(-7) <4.2(-7) <2.9(-7)
657n  <6.6(-8) ° <5.1(-7) <4.8(-7)
957y  <3.5(-7) <5.0(-7) <6.6(~7)
ISNb  <2.4(-7) <1.0(-7) <4,3(-7)
103py  <8.4(-7) <2.1(-7) <6.3(-7)
106py 3.1 + 1.5(-6) <7.5(-6) <1.8(-6)
110mpg  <1.5(-8) <3.6(-7) <6.9(-7)
124gh 9,1 * 3,2(-7) <9,7(-7) <5.6(-7)
1255  <8.5(-7) <1.4§-6) <1.2(-6)
140Ba  <1,2(-6) <3.3(-6) <3.1(-6)
14013 <8.4(-6) <3,5(-4) <1.3(-48)
l4lce  <3,5(-7) <2.1(-7) <2.5(-7)
152gy <7.02-7; <8.5(-7) 7.7 + 4.4(-7)
154Ey  <4.7(-6 <8.0i-7; <1.2(-6)
155ey  <3.0(-7) <2.2(-7 <2.0(-7)

[A] No sample due to sampler motor malfunction

11/5 - 11/10/76

1.51 + 0.04(-5)

1.4 .0(-7)
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TABLE A. 39 (Cont.)

VENTILATION AIRBORNE ACTIVITIES
SAMPLE STATION WASTE EVAPORATOR (uCi/sec)

Sample ~
Period 11/11 - 11/23/76 11/23 - 11/30/76 11/30 - 12/15/76 12/15 - 1/6/77 1/6, - 1/20/77
1311 1.22 + 0.01(-5) 6.0 + 0.1(-6) 6.0 *2,0(-6) 8.0 + 2.0(-7) <1.1(-7)
13405 <3,7(-7) <4,7(-7) 5.0 + 2.0(-7) 2.9 + 0.1(-6) <1.6(-7)
136cs  <9,9(-8) <2.4(-7) <2.8(-7) <9.9(-8) <5.1(-7)
137¢cs 5.0 + 3.0(-7) 6.0 + 3.0(-7) 1.1 + 0.3(-6) 3.5 + 0,3(-6) 1.0 % 0.5(-7)
Sicr <2.0(-6) <6.7(-7) <2.8(-6) 8.0 + 4.0{-7) <4.7(-7)
SMn  <2.6(-7) <2.3(-7) <3.7(-7) 1.5 + 0.6(-7) <6.2(-8)
S9Fe  <1.9(-7) <9,2(-7) <2.8(-7) <8.5(-7) <1.1(-7)
570 8.0 + 4.,0(-8) 1.0 =+ 0.5(-8) 4.0 + 2.0(-8) <6.5(-8) <4,8(-7)
58Co 4.0 + 2,0(-7) <2.7(-7) 1.0 + 0.3(-6) 6.0 + 1.0(27) 2.1 +£0.7(-7)
60Co  <5.8(-~7) <4.0(-7) <4.2(-7) <1.1(-7) <9.9(-8)
657n  <2.1(-7) <2.2(-7) <2.0(-7) <8.5(-8) <6.7(-8)
957r  <3.2(-7) <1.7(-7) <8.5(-8) <6.8(-8) <6.2(-7)
INb <1.3(-7) <1.7(-7) <1.4(-7) <8.5(-8) <3.7(-7)
1034y <4.7(-8) <1.9(-7) <2.5(-7) <2.7(-7) <5.7(-8)
106py  <6.2(-7) <1.4(-6) <3.2(-6) <1.3(-6) <7.1(-7)
110mpg  <1.1(-6) <1.6(-7) <1.8(-7) <7.8(-8) <7.1(-8)
1245h  <3,2(-7) <2.3(-7) 1.5 + 0.4(-6) <2.3(-6) <1.8(-7)
1256h  <1.8(-7) <8.5(-7) <7.1(-7) 1.4 + 0.7(-7) <8.5(-8)
14085 <4.4§-7; <1.22-6§ <4.0§-7; <7.1(-7) <2.82-7;
14012 <5.2(-6 i <1.4(-5 <7.1(-8 <7.8(-7) <1.8(-5
141ca  <8.0 + 4.0(=8) <2.1(-7) <2.6$-7) 6.0 + 3.0(-8) <7.8(-9)
152p,  <6.2(-7) <7.1(-7) <4.4(-7) <5.4(-7) <5.5(-7)
154y <4,7(-7) <5.3(-7) <2.1(-7) <9.2(-8) <1.3(-7)
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1/20 - 2/3/77

TABLE A.39 (Cont.)
VENTILATION AIRBORNE ACTIVITIES

.SAMPLE STATION WASTE EVAPORATOR (uCi/sec)

2/3

2/15/77

2.5 + 0.4(-6)

3.5 +0.7(-7)

<5.2
<4.0
<1.3
<1.1
4.0
<5,
<7.
<1.
<2.
<9,
<1,
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<]1.
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TABLE A.40
VENTILATION AIRBORNE ACTIVITIES (uCi/sec)
PIPE PENETRATION ROOM

Sample
Period 2/3 - 2/10/77 2/10 - 2/11/77
1317 7.9 * 0.8(-6) 1.4 + 0.6(-6)
134¢e <1.2(-7) <1.3(-6)
136¢Cs <9.9(-8) <2.6{-7)
137¢s <1.2(-7) <1.2(-6)
3H [A] [A]
Sice <9.9(-7) <4.6(-6)
Shin <9.9(-8) <4,2(-7)
59Fe <9.9(-7) <7.5(-6)
57Co <1.6(-7) <3.0(-7)
58(o <9.9(-8) <3.2(-7)
60Co 1.0 * 0.2(-6) <5.0(-7)
657n <7.9(-7) <5,2(-6)
957r <2.0(-7) <3.4(-7)
95Nb <9.9(-8) <2.0(-7)
103py <1.2(-7) <3.0(-7)
106Ry <1.2(-6) <1.1(-6)
110mpg <1.2(-7) <2.8(-6)
124gh <1.2(-7) <7.3(-7)
1255h <4.0(-7) <5.2(-7)
1404 <5.9(-7) <5.7(-7)
1401 5 <5.9(-7) <5.0(-5)
l4lce <4.0(-7) <8.7(-7)
152y, <4.0(-7) <1.5(-6)
154y <1.2(-6) <8.3(-6)

[A] Not Measured
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TABLE A.41
VENTILATION AIRBORNE ACTIVITIES (uCi/sec)
LETDOWN HEAT EXCHANGER ROOM

Sample
Period 2/3 -.2/11/77 2/11 - 2/17/77
131 6.8 + 0.4(-6) 3.0 = 0.5(-6)
134cg 1.0 + 0.4(-7) <1.3(-7)
136¢cg <1.4(-7) <9.9(-8)
137¢s 2.7 +0.5(-7) <3.2(-7)
34 [A] [A]
Slep <1.4(-6) <7.0(-7)
ShMn <1.4(-7) <1.3(-7)
59Fe <3.5(-7) <3.0(-7)
57Co <3.5(-8) <6.4(-8)
58Co 2.5 +0.6(-7) <2.0(-7)
600y 2.7 +0.6(-7) <1.3(-7)
657n <2.8(-7) <2.0(-7)
957y <2.8(-7) <1.3(-7)
I5ND <1.4(-7) <1.3(-7)
103py <1.4(-7) <1.2(-7)
106Ry <1.4(-6) <1.3(-6)
110mpg <1.4(-7) <2.5(-7)
124gh <1.4(-7) <1.4(-7)
1255 <2.8(-7) <2.8(-7)
140B4 <3.5(-7) <4.8(-7)
1401 3 <5.7(-7) <1.3(-5)
l4lce <6.4(-8) <2.5(-7)
152y <4.2(-7) <3.2(-7)
154y <4.2(-7) <3.3(-7)

[A] Not Measured
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TABLE A.42

1311 SPECIES DATA
Sample Station #2

Sample Dates:
9/3 - 9/9/76
9/9 - 9/15/76
9/15 - 9/18/76
9/23 - 9/30/76
9/30 - 10/7/76
10/7 - 10/14/76
10/14 - 10/15/76
10/22 - 10/28/76
10/28 - 11/4/76
11/4 - 11/10/76

Fractional 1311 Distribution (%)

e

Particulate
Filter
2.3 30.
0.8 44,
25.4 42.
8.2 44,
1.6 24,
8.9 32.
7.5 48.
9.2 29.
20.2 25.
7.2 30.

Iz

1

QO O

—

D N Y

HOI

B

29.5
13.1

6.4

3.4
41.9
11.9
20.6
15.6
12.1
22,2

38.
41.
26.
44,
32.
40.
23.
46.
42.
40.

Organic

0

w N O W 00 N W N
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TABLE A.42 (cont.)

1311 SPECIES DATA
Sample Station #2

Fractional 13!T Distribution (%)

Partipu]ate I )
Sample Dates Filter 2 HOI Organic

11/10 - 11/23/76 11.3 32.0 23.9 32.9
11/23 - 11/30/76 0.7 41.3 1.1 56.9
12/1 - 12/15/76 4.4 6.6 14.0 75.0
12/15 /76 - 1/6/77 4.5 61.3 8.6 25.6
1/6 - 1/20/77 ND 18.1 13.6 68.2
120 - 2377 ND 33.5 T —
2/3 - 2/16/77 ND 23.1 ND 76.8

[A] represents HOI + organic

ND - Iodine activity not detected on this sample component.
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1317 SPECIES DATA
Waste Evaporator Room

TABLE A.43

Sample Dates:
8/27 - 9/3/76

9/3 - 9/9/76
%/9 - 9/15/76
9/15 - 9/23/76
9/23 - 9/30/76
9/30 - 10/7/76
10/7 - 10/14/76

10/14 - 10/22/76
10/22 - 10/27/76
11/4 - 13/10/76

Fractional 1311 Distribution (%)

Particulate

Filter

5.
7.
2.
20.
23.
6.
33.
10.
21.
21.

3
0

g O w ;o w »

—— e

75.
69.

1.
45,
52.
40,
20.
44,
23.
11.

12

A N O N A D NN O

HOI

1.5
10.2
80.
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TABLE A.43 (cont.)

1311 SPECIES DATA

Waste Evaporator Room

Fractional 131T Distribution (%)

Particulate

I

Sample Dates Filter HOI
11/1 - 11/23/76 8.4 22.7 19.8
11/23 - 11/30/76 11.5 22.2 22.2
11/30 - 12/15/76 -——- -—-- ———
12/15/76 -  1/6/77 ND 46.6 ND
1/6 - 1720/77 ND ND ND
1/20 - 2/3/77 ND 59.6 ND
2/3 - 2/15/77 1.7 45.4 16.2

Organic

49.1
44.0
100 [A]
53.4
ND
40.4
26.6

LA] 1Iodine activity only visible as organic due to excessive

decay period prior to analysis.

ND - Iodine activity not detected on this sample component.
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TABLE A.44

VENTILATION IODINE SPECIES COMPARISONS

Fractional 1311 Distribution (%)

Sample Date 1311 conc.{uCi/sec) part. filter I2 HOI Organic
Station #1 2/3 - 2/10/77  “1.76 + 0.07(-4) 8.7 69.2 13.8 14.5
2/10 - 2/17/77 1.9 £ 0.1(-4) 6.0 26.0 4.8 63.1
Letdown Heat 2/3 -2/11/77 6.8 + 0.4(-6) 4.2 19.4 5.0 71.4
Exchanger Room 2/11 - 2/17/77 3.0  0.5(-6) ND ND ND 100
Pipe Penetration  2/3 - 2/10/77 7.9 + 0.8(-6) ND 54.5  35.6 1.0
Room 2/10 = 2/17/77 1.4 + 0.6(-6) ND 100 ND